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BULLETIN 


AMERICAN PHYSICAL SOCIETY 


1958 Thanksgiving Meeting, University of Chicago, November 28-29, 1958 


HE Thanksgiving meeting now returns to the 
city and the University of Chicago after its 
1957 excursion to St. Louis. True, there has been 
an intervening meeting at Chicago, that was held in 
the month of March; but it was sui generis so far as 
Chicago is concerned, and is definitely not to be 
regarded as an eccentrically placed member of the 
Thanksgiving series. It is fortunate that our host is 
a trinity, having a Department of Physics and an 
Institute for the Study of Metals and an Institute of 
Nuclear Physics which can and do pass the burden 
of managing our meetings in cyclic fashion from 
one to another. Two years ago it was the Enrico 
Fermi Institute for Nuclear Studies, as on many 
occasions in the remoter past ; last March it was the 
Institute for the Study of Metals, and this Novem- 
ber the Department of Physics takes its turn. 
The Chairman of the Department, W. H. Zacha- 
riasen, is the Chairman of our Local Committee, 
and Mary Nelson is his secretary on whom much 
work devolves. The dates of our convention are 
Friday and Saturday, November 28 and 29. 


Hotel. The Hotel Windermere, 1642 East 56th 
Street, Chicago 37, Illinois, has again accepted the 
responsibility of housing those of our members who 
apply up to the moment when it is booked full, 
and of finding accommodations in other hotels of 
the region for those who write later (but not very 
late!) In writing to the Windermere, mention that 
you are coming to the meeting of The American 
Physical Society. We are not repeating here the 
rather full information given in the March Bulletin 
about the geography of Chicago generally and of the 
University region in particular, for nearly all of 
those who attend the Thanksgiving meetings are 
already well acquainted with Chicago, and the rest 
may consult the March Bulletin. Be it noted, how- 
ever, that those who come by train from the East 
over the New York Central or the Pennsylvania 
should get off at Englewood, and those who come 
by the Illinois Central at Woodlawn. 


The registration desk will be on the second floor 
of Eckhart Hall—not where it was last March and 
at previous Thanksgiving meetings. Members and 
guests alike must register and pay the modest 
registration fee amounting to one dollar. Banquet 
tickets will be sold at the registration desk. An- 
nouncements of post-deadline papers (if any) will 
be made on blackboards adjacent to the desk, and 
so will notice of messages for members, but only 
such notices as are handed in by people who have 
paid the registration fee. 


Invited papers will be given by J. S. Allen, H. L. 
Anderson, F. C. Brown, N. C. Christofilos, R. H. 
Dicke, Peter Franken, R. H. Hildebrand, W. E. 
Keller, Chihiro Kikuchi, H. W. Lewis, Peter Meyer, 
Donald Miller, E. P. Ney, E. N. Parker, G. J. 
Perlow, R. W. Pidd, R. G. Sachs, R. M. Steffen, 
D. A. Tidman, J. A. Van Allen, and John Winckler. 
There is nothing called a Symposium, but actually 
some of the groups of invited papers display such 
unity of topics that they could have been called by 


that name, e.g., Session D on plasma, Session F in 


cosmic-ray physics, and Session L in nuclear and 


Strange-particle physics. The paper by L. NEEL of 


Grenoble is tentatively scheduled for Saturday 
afternoon because the speaker may not be available 
on Friday. 


One hundred and sixty contributed papers 
are distributed among sixteen sessions. This is 
somewhat under the numbers of the last three 
Thanksgiving meetings at Chicago: 175, 183, 168. 
We are inclined to think that the 1958 March meet- 
ing drew away some of the solid-state physicists 
who might otherwise have planned to come to 
this one. 


The banquet of The American Physical Society 
will be held in the Quadrangle Club (1155 East 57th 
Street, southeast corner of University Avenue) at 
6:30 on Friday evening. The price will be four 
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dollars, including tips and taxes. This banquet 
always presents us with a special problem, owing to 
the ineluctable fact that it must be held on the 
first day of the meeting. The Society must make a 
guarantee even before the meeting begins. If we 
set it too low, some people will be frustrated by 
finding that there are no tickets left when they come 
to buy: but if we set it too high the Society loses 
money. Some loss we are willing to risk for the sake 
of this, the one unifying feature of the meeting, 
the only one which all members can attend because 
there are no simultaneous sessions to divide them: 
but we are afraid to risk too much. We implore the 
members to fill out and mail the form to be found 
on the lower half of page 393. Those who pay by 
checks mailed with the form, and received not later 
than November 26, will find their tickets waiting 
for them at the desk. Those who do not fill out the 
form are asked to buy tickets as early on Friday 
as they can. The after-dinner speakers will be 
announced on the blackboard at the desk. 
Cocktails will be available (on a cash basis) in the 
library of the Quadrangle Club from 5:00 p.m. 


The Council of The American Physical Society 
will meet at 10:00 on Friday morning in Room 180, 
Research Institutes Building, 5630 South Ellis 
Avenue. 


Post-deadline ten-minute papers, pertaining to 
very recent achievements of very special im- 
portance, will be considered for admission to a 
special supplementary programme if the abstracts 
are received at the office of the Society not later 
than Friday, November 21. The titles of such papers 
as are accepted will be written on a blackboard near 
the registration desk, and opportunity for presenta- 
tion of the papers will be given at the end of Session 
R or possibly elsewhere in the programme. 


Prospective meetings and deadlines of the So- 
ciety will be found listed on page 392 of this Bulletin, 
and preliminary announcements of the 1959 Annual 
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Meeting and the 1959 Southwestern meeting on 
page 389. 


Make a habit of reading the instructions for the 
preparation of abstracts, which appear in all issues 
of the Bulletin and in this one are to be found on 
page 392. From time to time they become more 
stringent, for their purpose is to reduce the waste of 
labor and loss of time spent in editing (i.e., getting 
ready for the press) abstracts that are badly 
prepared. Indeed some of the advice that has been 
repeatedly given for years is not universally heeded ; 
we are still getting occasional abstracts that are 
single-spaced, offered only as carbon copies, or 
longer than is allowed; we are on the verge of 
rejecting all abstracts that do not conform to the 
instructions. 

A couple of years ago, when it was usual for 
nearly half of the abstracts to arrive on deadline 
day, we printed a warning that it is dangerous to 
mai! abstracts even from points east of the Missis- 
sippi less than two days in advance, and still more 
time should be allowed for those mailed farther 
west. The warning seemed to have some effect, for 
the “‘peak day” for receipt of abstracts moved back 
from deadline day to the day before. Now the effect 
must have worn off, since “‘peak day” for the 1958 
Thanksgiving meeting was again the deadline day. 
Evidently we have measured some sort of a relaxa- 
tion time. The warning is reiterated. 


Errata pertaining to abstracts in this issue will be 
published in a later issue of this Bulletin if received 
not later than Monday, December first, by Miss 
Ruth Bryans, American Institute of Physics, 335 
East 45th Street, New York 17, New York. Write 
out the corrections in the form “Instead of .. . 
read. . . .” Do not add anything. The privilege of 
inserting errata is not accorded to enable people 
to publish additional data or to restore material 
cut out because the abstract was too long. 


Kart K. Darrow, Secretary 
American Physical Society 
Columbia University 

New York 27, New York 
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EPITOME OF THE 1958 THANKSGIVING MEETING 


(Personal names are those of invited speakers, except at the ends of lines where they are those of halls.) 


Frmpay MORNING 


Beta-radioactive substances. Eckhart 133. 
General solid-state physics. Kent. 

Theoretical physics, I. Social Sciences 122. 
Parker, Tidman. Mandel. 

Cosmic rays; mesons; strange particles. Oriental. 


Fripay AFTERNOON 


Van Allen, Christofilos, Meyer, Winckler, Ney. Mande! 
Neutron physics. Oriental. 

Ferroelectrics; metals. Eckhart 133. 

Theoretical physics, II. Social Sciences 122. 

Brown, Kikuchi, Pidd, Franken. Kent. 


FRIDAY EVENING 


Banquet of The American Physical Society. Speakers to be announced. Quadrangle Club, 
1155 East 57th Street. 


SATURDAY MORNING 


Hildebrand, Perlow, Anderson, Sachs, Miller. Mandel. 
Spins, moments, allied topics. Eckhart 133. 

Allen, Steffen; molecules. Kent. 

General physics. Social Sciences 122. 

Irradiation effects; semiconductors, I. Oriental. 


SATURDAY AFTERNOON 


R. Semiconductors, II. Oriental. 

S. Lewis, Dicke; theoretical physics, III. Social Sciences 122. 

T. Reactions of transmutation, nuclear energy levels. Eckhart 133. 
U. Keller, Matthias; eryogenics. Mandel. 

V. Apparatus of nuclear physics. Kent. 
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PROGRAMME 


Fripay MorninG at 10:30 
Eckhart 133 
(S. B. Burson presiding) 


Beta-Radioactive Substances 


Al. Disintegration of Iron-52 and Iron-53.* Jose O. 
Jutiano, C. W. Kocuer, T. D. Narnan, AND ALLAN C, G. 
Indiana University —The disintegration of 
(8.2-hr) and Fe®* (8.9-min) has been investigated with the 
help of scintillation and coincidence counting equipment. 
Fe® decays 56.5% by positron emission and 43.5% by electron 
capture. The end-point energy of the positron group is 
0.804+0.01 Mev. This is followed by a gamma ray of energy 
165 kev leading to Mn®" (21-min). The chain Fe@Mn®Cr® 
has been studied. In addition to the well-known states of 
Mn®—the ground state, with character 6+ and half-life of 
5.7 days, and the first excited state (Mn®"), with character 
2+, half-life of 21 min, and energy of 390 kev—these experi- 
ments show a third excited state at 555 kev having a con- 
figuration 0+ and a half-life of 1.2+0.2X10-* sec. The 
disintegration of Fe* is accompanied by the emission of a 
gamma ray of energy 380 kev and positron groups of end-point 
energies 2.84+0.10, 2.38+0.10 Mev, and an indication of a 
third group at 1.57+0.15 Mev. 


by the joint program of the Office of Naval Research and 
Atomic Energy Commission. 


the 
A2. Electron Capture to Positron Ratio in the 
Decay of Co**.* M. K. Ramaswamy,t The Johns Hopkins 
University (introduced by L. Madansky).—Measurement of 
K capture to positron branching ratio in a pure Gamow-Teller 
transition can yield information regarding the interference 
between tensor and axial vector interactions in beta decay. 
We have previously reported! measurements on K/8* ratios 
in the decay of Ga®, a pure Gamow-Teller emitter. Here we 
wish to present results on electron-capture to positron branch- 
ing ratio in the decay of Co**. Recent nuclear orientation 
experiments of Dagley et al.* have indicated that the beta 
transition to the 0.810-Mev level in Fe** is pure Gamow- Teller. 
Using scintillation spectrometry we have measured the 
amount of positron emission to be 0.147+0.007, most of the 
uncertainty in the result arising from the use of Na® to obtain 
the efficiency for detecting annihilation radiation. The above 
value for the positron emission combined with other data 
leads to an ¢/8* ratio of 5.48+0.25 to the 0.810-Mev level. 
A more precise measurement of the efficiency for annihilation 
radiation is being attempted. Results of these measurements 
will be presented and the available data on Fierz interference 
summarized. 
in part the U. S. Atomic » 


ve from the University of aazesse. | 
Grace, H 


*Su Commission. 
Phil’ Mag. 3 3, G89 (1958). 

A3. Disintegration of I and I'**, ALLan C. G. MITCHELL, 
Jose O. JuLiano, CHARLEs B, CREAGER AND C. W. Kocuer, 
Indiana University.*—This disintegration of I'* (4.2-day) has 
been studied with the help of magnetic spectrometers and 
scintillation spectrometers. The disintegration occurs 71% by 
electron capture and 29% by positron emission. Three positron 
groups were found having end-point energies of 2130 (46.0%), 
1531 (46.4%), and 786 (7.5%) kev. The most energetic posi- 
tron group has a shape characteristic of AJ = +2, yes. Positron- 


gamma coincidence experiments show that this group goes to 
the ground state. Gamma rays of energies 2700, 2300, 2100, 
1700, 1520, 1350, 723, and 603 kev together with annihilation 
radiation and Te K x-rays have been found and the relative 
intensities measured. A disintegration scheme, consistent with 
the levels of Te™ as determined from the decay of Sb™, has 
been established. No beta rays were found showing that a 
transition to Xe™ is highly improbable. The former work on 
I (13.5 hr) has been substantiated and, in addition, it seems 
highly unlikely that any positrons are emitted from I. 


the of the Office of Naval Research and 
by joint program a 


* Su 
the U. 

A4. Decay of W. G. Smitu,* P. H. 
anp F. K. McGowan, Oak Ridge National Laboratory.—The 
decay of I has been previously studied by two groups of 
workers'* and, as a result, the following level scheme for 
Xe” has been proposed :* 528 kev (2*), 1190 kev (4*), 1930 
kev (6*), and 2340 kev (5~). Only the states at 1930 kev and 
2340 kev were found to be directly populated by beta decay. 
The measurement of spin 5 for I'* * suggests that the 1190-kev 
state, if 4+, should be populated by beta decay. In the present 
work, such a group was looked for and not found. A lower 
limit of 9.8 was set for the log ft. Gamma-gamma correlations 
were also made. The experimental correlation for the 1190- 
528-0 level sequence can be fitted by 4(Q)2(Q)0 or by 
2(96%D+4%Q)2(Q)0 sequences. The 2* assignment to the 
1190-kev level requires a predominantly M1 transition for 
the 2* to 2* transition in contrast to the predominantly E2 
character of other known transitions of this type. Therefore, 
either 4* or 2* assignment to the 1190-kev state leads to an 
anomalous situation. 


Biliort, Downing, Peacock. aad Deatsch. Ph Rev. 64, 268 


ond Cc. G. Rev. 94, 412 (1954). 
Des, J. Sherwood and S. J. Ovenshine; to be presented at 


AS. Decay of Tb'**. S. Orer,* Brookhaven National Labo- 
ratory (introduced by A. Schwarzschild).—Tb"* (5.3 days) 
was produced by an (a,m) reaction on Eu". It was found to 
decay by K capture to Gd"**. The following gamma rays (kev) 
accompany the decay (relative intensities are given in percent 
per disintegration): 89(89%), 120(3), 200(42), 260(6), 
355 (16), 420(8), 545(64), 770(8), 940(7), 1045(12), 1134(11), 
1140(12), 1200(26), 1315(5), 1400(18), 1615(3), 1815(3), and 
1935(2). Levels of Gd'** are placed at 89, 289, 1134, 1229, 
1489, 1604, 1904, and 1224 kev above the ground state. 
Coincidence studies show that the 89 and 1134 kev are 
transitions to the ground state. The 200-, 1140-, 1400-, 1815-, 
and 1935-kev transitions end at the 289-kev level. The 355- 
and 770-kev transitions go to the 1134-kev level. The 260-kev 
transition feeds the 1229-kev level. The 115- and 535-kev 
transitions feed the 1489-kev level and the 420-kev transition 
ends at the 1604-kev level. 


* Work performed under the auspices of the U. S. Atomic Energy 
t On leave from the Hebrew University, Jerusalem, Israel. 
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A6. Nuclear Spectroscopy of Odd Mass (161-173) Rare 
Earth Nuclides. J. W. Mrneticu, University of Notre Dame,* 
AND B. HARMATz AND T. H. HANDLEY, Oak Ridge National 
Laboratory.t—In order to study the isotope effect on nuclear 
levels in odd mass rare earth isotopes, enriched isotopes of Er 
and Yb have been irradiated with protons in the ORNL 86-in. 
cyclotron. Internal conversion electron studies were made in 
the energy range of 8 to 1600 kev. The following activities 
were studied: (45-min), Ho!®™, Tm'!® (2-hr), Lu’ 
(54-min) which are previously unreported activities, as well 
as Tm!4.167, Yb'67, and Hf!”, Of particular 
interest are the isomeric levels in Ho! (211 kev) and Lu!” 
(124 kev, 74=70 microseconds), and the well-developed 
rotational band in Tm!*’ based on the ground state whose 
spin is expected to be 3. 

* Work su 


yan ane S. Atomic Energy Commission by Union Carbide 


A7. Electron Capture Decay of Tm’ and Tm’, K. P. 
JacosB AND J. W. MIHELIcH, University of Notre Dame.* AND 
B. HarmMatz T. H. HANDLEY, Oak Ridge National 
Laboratory.t—The electron capture of Tm’ (87-day) to levels 
in Er'*8 was investigated with permanent magnet spectro- 
graphs and coincidence scintiliation spectrometers. The 
following levels in Er'** have been established: 79.9(2+), 
264.4(4+-), 549.1(6+), 822.0(2+), 896.7(3+), 996.2(4+), 
1095.1(3 or 4— and 74 =1.2 X10~7 sec), and 1543.1(4—) kev. 
The internal conversion data for Tm'* (7.7-hr) suggest levels 
in Er'®* at 80.7(2+), 265.4(4+), 545.8(6+), 787.4(2+), 
861.0(3+), and 957.9(4+) kev, with many more high-lying 
levels. Energy level schemes will be proposed for both Er'* 
and Er'**, The levels at 822, 897, and 996 kev in Er'® and 
787, 861, and 958 kev in Er'** may possibly be associated with 
electric quadrupole (gamma) vibrations.! Some general 
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features regarding these vibrational levels will be discussed 
and compared with available data on other even-even nuclei 
in the rare earth region. 

arte by oe U. S. Atomic Energy Commission 

Tt Operated for the U. Ss Atomic Energy Commission by the Union 
Carbide Nuclear Com 

A. Bohr and B. R. ottelson, Kgl. Danske Videnskab. Selskab Mat.-fys. 

Medd. 27, No. 16 (1953). 


A8. Electron Capture Decay of Lu '”* to Levels in Yb'”*. J. 
W. BIcHARD AND J. W. MIHELIcH, University of Notre Dame,* 
AnD B. Harmatz, Oak Ridge National Laboratory.t—The 
electron capture of Lu!” (1.30-yr) to levels in Yb'” has been 
investigated using scintillation spectrometers and permanent 
magnet spectrographs. Levels in Yb!” were observed at 
78.7(7/2—), 179.6(9/2—), 351.0(7/2+), and 636.2(7/2—) 
kev. The first two excited states may be interpreted as 
members of a rot.tional band based on the ground state 
(($12)5/2—]. The levels at 351 and 636 kev are probably the 
intrinsic levels [(633)7/2+] and [(514)7/2—] respectively, 
predicted by Nilsson.' Relative reduced transition probabilities 
were obtained for all transitions to the ground state rotational 
band, and comparisons with theoretical branching ratios 
were made.* Log(ft) values were estimated from the observed 
K-capture branching ratios. The measured quadrupole 
moment? indicates a deformation parameter of 0.2, which 
leads to a predicted magnetic dipole moment of 0.67, consistent 
with the measured value of 0.67.4 

* Supported by the U. S. Atomic Energy Commission. 

U. Atomic Energy Commission by the Union 
Nilson, Kel, Danske Videnskab, Selskab Mat.-fys. Medd. 29, 

Boar, and Mottelson, Kgl. Danske Videnskab. Selskab 
Mat.-fys. Medd. 29. No. 9 (1955). 


3K. Krebs and H. Nelkowski, Z. Physik 145, 543 (1956). 
4K. Krebs and H. Nelkowski, Z. Physik 141, 254 (1955). 


Fripay MornincG AT 10:00 
Kent Theatre 
(F. C. Brown presiding) 


General Solid-State Physics 


Bl. Infrared Studies of Birefringence in Silicon. S. R. 
LEDERHANDLER, R.C.A. (introduced by H. P. Kleinknecht).— 
If a crystalline material plastically deforms because of an 
external force, upon removal of that force, a frozen-in stress 
will exist in the interior of the material. Stresses of this type 
have been studied in silicon crystals grown by the Czochralski 
technique by observing the birefringence in the infrared. 
Studies have been made both parallel and perpendicular to 
the crystal growth direction and have revealed birefringence 
patterns similar to naturally anisotropic crystals. These 
patterns indicate the formation of a pseudo-optic axis in 
silicon coincident with the growth direction caused by the 
uneven temperature distribution which results in predomi- 
nantly uniaxial stress. Regions of tension and compression have 
been discovered and their respective magnitudes determined. 
The calculation of the frozen-in tension and compression 
stresses were based upon experimental determination of the 
stress-optic coefficient of silicon. Satisfactory agreement was 
obtained between such frozen-in stress calculations and 
experimentally determined yield stress measurements at 
elevated temperatures. 


1 Part of this study has been by S. 
Webster, 


R. Lederhandler and W. M. 
. Brussels Conference on State Physics, June, 1958. 


B2. Configuration Interaction in Aikali Halide Phosphors.* 
R. S. Knox, University of Illinois——In most alkali halide 
phosphors activated by heavy metals, the separation of the 
A and C absorption peaks! is smaller than a certain minimum 
splitting allowed by a rigorous first-order Heitler-London 
treatment based solely on excited activator (e.g., Tl*) con- 
figurations. This result can be explained by assuming strong 
interaction of the Tl* configurations with other excited con- 
figurations of the crystal. The most promising of these seem 
to be the electron transfer states of the Seitz model.! There 
are three allowed transitions to discrete singlet electron 
transfer states in crystals of the NaCl type (four in CsCl 
type), a result which is obtained by symmetry arguments and 
calculation of dipole matrix elements. The experimental 
evidence for absorption due to transitions to these states and 
some theoretical implications of the configuration interaction 
will be discussed. 


* Work supported by the U. a Air Force through the Air Force Office 
of § ag no Research of the Air Research and Development Command 
under Contract No. AF 18 (600)-689. 

IF, Seitz, J. J. Chem. Phys. 6, 150 (1938). 


B3. Shape of Absorption Bands in Polar Solids. I. Theory. 
J. J. MARKHAM, Zenith Radio Corporation—The theory of 


j 
| 
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absorption bands in polar solids has been extended. The rigor- 
ous quantum-mechanical treatment developed by O’Rouke, 
Lax, Meyer, and Pekar has been applied to the tight-binding 
approximation.! This assumes that there are one or more 
local modes about a point imperfection which determine the 
shape of the band. The effects of modes with different fre- 
quencies is considered. Expressions are obtained which can 
readily be compared with experimental data. The difficulties 
of the simpler approximation due to William (also called 
semiclassical) arise from the use of oversimplified summation 
techniques. The shape at low temperature is computed for 
the case where an electronic transition does not induce a 
frequency shift in the local modes. It is nonsymmetric. 


ID. L. my State Physics, edited by F. D. Turnbull 
(Academic Press, Inc., New York, 1958), Vol. 6, p. 35 


B4. Shape of Absorption Bands in Polar Solids. II. Applica- 
tion to the F center in KCl. J]. D. Koni1zer anv J. J. MaRK- 
HAM, Zenith Radio Corporation.—The shape of the F center in 
KCI has been studied between 4°K and 100°C. The width of 
the band is smaller than two previous detailed studies by 
Mollwo and by Russel and Klick. The data fit the theory 
remarkably well with two exceptions. (1) The shape does not 
change with temperature as one would expect; and (2) a term 
relating to the expansion of the lattice has not been found. 
We conclude that the breadth of the F center is due primarily 
to local modes and not to the longitudinal optical modes. Its 
shape is Pekarian at low temperature as was to be expected. 


BS. Friction and Wear in Lithium Fluoride. E. Zwicker AND 
P. L. CopeLann, Illinois Institute of Technology—The nature 
of friction and wear between single crystals of lithium fluoride 
was extensively investigated. The general mechanism proposed 
by Bowden and Tabor’ to explain metallic friction is equally 
applicable to lithium fluoride, and explains the unique 
triangular shaped “deltas” formed in the (100) surfaces by 
controlled sliding friction between single crystals. The previous 
treatment of the crystals, pariicularly the presence or absence 
of a layer of dislocations in the surface, affects the shape and 
depth of the deltas. Using the techniques of Gilman and 
Johnston? to develop etch pits, it was possible to observe the 
array of dislocations produced by friction, especially in the 
region of a delta. 

* This work was supported by the Air Force Office of Scientific Research. 

1E. P. Bowden and D. Tabor, The Friction and Lubrication of Solids 


(Claremior Press, Oxford, 1950). 
2 J. J. Gilman and W. G. Johnston, J. Appl. Phys. 27, 1018 (1956). 


B6. Photoconductive Measurements on Polycrystalline 
Boren.*+ J. J. Kress, Naval Research Laboratory, anv V. P. 
JACOBSMEYER, Saint Louis University—Secondary photo- 
conductivity has been investigated in samples of polycrystal- 
line boron. These samples were produced by pyrolytic deposi- 
tion on tantalum ribbons from diborane gas. The deposition 
temperatures were in the range 1200°C to 1250°C. The 
photosensitivity of four such samples was measured at wave- 
lengths between 0.4 and 1.5 microns. Using Moss’ criterion, 
the energy gap found by this method is 1.56+0.06 ev. The 
deviation of the log(sensitivity) vs wavelength curve from 
linearity indicates the presence of a set of levels having an 
activation energy of 0.86+0.03 ev. Data will also be presented 
on the value of the energy gap found by logp vs 1/T measure- 
ments for these same samples. 


bd Subenitend by J. J. Krebs in ial fulfillment of the requirements for 
the Ph.D. in = partment of Physics, Saint Louis University. 
t Supported b y The Research Corporation. 


B7. Electric Microstructure of Corundum.* H. B. Van- 
FLEET, G. S. BAKER, AND P. Gisps, University of Utah.—A 
furnace has been constructed which permits microscopic 
observation and manipulation of a 1 micron diameter probe 
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at temperatures up to 700°C. In the earliest studies, the probe 
was 300 v positive with respect to the platinum bright backing 
on an etched crystal 40 microns thick. Large electrical trans: . 
ents were observed when the probe snapped into certain etch 
pits. Above 450°C, etch pits within a 10-micron radius of a 
negative probe tip were observed to fill with a liquid upon 
contact of the probe tip with the corundum surface. The 
quantity of liquid that accumulated appears to be too large 
to be only impurity drawn out of a dislocation; implying that 
material is either being pulled through dislocation “pipes” 
from the platinum bright or the dislocations are being “reamed 
out,” or both. Occasionally a spark appears. Even larger 
currents are obtained when evaporated Ag backing is used on 
the sample. In this case, Ag has been identified on the probe 
spectrographically at the end of the run. 


* Supported by the Office of Naval Research. 


B8. Guided Wave Calculation of Band Structure.* N. 
Makcuvitz AND P. PaRzEN, Polytechnic Institute of Brooklyn. 
—In the guided wave calculation of band structure, the 
crystal is divided into periodically displaced regions bounded 
by crystal planes passing through atomic sites, which contain 
subregions with almost constant potential. In contrast to 
Korringa's' method, the scattering of a plane electron wave 
by all atoms in a crystal plane, rather than by a single atom 
is employed. The Schroedinger equation is solved in the sub- 
regions in terms of incident and scattered plane waves satisfy- 
ing proper Bloch conditions in directions parallel to crystal 
planes and matched to the atomic sites by a spherical wave 
analysis utilizing the quantum defect method. The plane wave 
amplitudes are constrained to satisfy the Bloch condition along 
a lattice direction not parallel to the crystal planes, thereby ~ 
determining energy as a function of wave number. Different 
atoms per unit cell require merely the solution of appropriate 
scattering problems which may be tabulated and used to 
compute the band structure of solids built up of relevant 
crystal planes. mare pee for lithium will be given. 

* Su the U. Cove Engineering Laboratories. 

J. Korringa, Physica’ (194 


B9. Temperatures at Which Abrupt Changes in Configura- 
tional Order Occur in Vitreous Mixtures of Glycerol and 
Water.* B. Luver anp C. Kroener, The American Founda- 
tion for Biological Research, Madison, Wisconsin.—Some 
properties of glasses change rather abruptly in certain temper- 
ature ranges; thus, the specific heat of vitreous glycerol 
almost doubles from —93° to —85°C (Gibson and Giauque). 
Tammann noted that these changes occur at the same viscosity 
(10% poises) in various glasses; Simon, then, correlated them 
with changes in configurational order. As a first approach to 
the study of the effect of the addition of water to glycerol on 
configurational changes, we determined the temperatures at 
which the specific heat rises in glycerol-water mixtures 
vitrified by rapid cooling in liquid nitrogen and rewarmed in 
an air bath at 22°. The rewarming curves showed a change in 
slope at the following temperatures for the following glycerol 
concentrations: 


%: 6.4, 90, 80, 70, 58. 
°C: —86, —92, —100, —106, —111, —112. 


Solutions of concentrations from 60 to 50% had partly 
crystallized during cooling; changes of slope became indefinite 
at the lower of these concentrations. 


* Supported by the Office of Naval Research. 


B10. Concerning the Formation of Glass. D. TURNBULL, 
General Electric Research Laboratory, AND M. H. CouHeEn, 
University of Chicago.—Some pure liquids may be undercooled 
without crystallization to an amorphous solid or “glass.”” It 
is shown from kinetic considerations that, in the absence of 


360 


foreign nucleating agents, sensible crystallization should not 
occur if aBt$0.9 and AG’ SO or if AG’ or AG’ >30RTx. is 
the ratio of the molar liquid-solid surface tension to the heat 
of fusion, 8 is the ratio of the entropy of fusion to R, 7, is 
the absolute melting temperature, and AG’ and AG” are, 
respectively, the kinetic barriers to nucleation and the growth 
of the finite crystal. Where reconstruction of the molecule is 
necessary for crystallization AG’ is of the order of the energy 
for breaking interatomic bonds which is usually very large; 


ies Concerning the Sum of Atomic 


C1. On Some 
Weights of Pairs of the Most Abundant Isotopes. N. EFREMov, 
1061 Intervale Avenue, New York, New York.—The sum of the 
atomic weights (S,.~.) of the most abundant isotopes of pairs 


of elements such as He+F, Ne+Cl, Ar+Mn---Xe+Re, etc., 
can be calculated by means of the following formulas: 


Ss.w.(He+F) = 23=4x(5+0)+3. 

Saw. (Ne+Cl) = 55=4 x (5+8) +3. 

Sa.w.(Ar+Mn)= 95=4x[5+(8+2+8)]+3. 

Ss.w.(Fe+Br) =135=4X[5+(8+2+8+2+8)]+3. 

Sa.w.(Kr+Tc) =183 

=4x[5+(8+2+8+2+8+2+2+8)]+3. 

Saw (Ru+lI) =231=4x[5+(8+2+8+2+8+2 

+2+8+2+2+8)]+3, etc. 


These formulas show distinct regularities, e.g., the successive 
series of alternating numbers: 8, 8+2+8, 8+2+8+2-+8, 
8+2+8+2+8+2+2+8, etc. These and other regularities 
give us a new approach to the mystery of isotopes. 


C2. Proposed Systematics for E2 Transition Probabilities 
of Even-Even Nuclei.* D. M. Van Patter, Bartol Research 
Foundation.—A survey has been made of all available data 
concerning lifetime determinations and Coulomb excitation 
cross sections for the first two 2+ levels of even-even nuclei. 
A pronounced correlation has been found between the reduced 
transition probability for decay, B(E2), and the energy E; 
(in Mev) of the first excited state. One way of demonstrating 
this correlation is to consider the quantity B(£2)/Z*. For 
nuclei with A =46-132, the reduced transition probability for 
decay can be well represented (to about +25 percent) by 
B(E2)/Z*=2.2 (in units of e?<10~* cm‘). For 
nuclei with A =146-202, a similar expression is obtained: 
B(E2)/Z?=0.9 X10-5E,"4. However, it should be pointed 
out that this apparent correlation is not unique, for similar 
correlations between the favored factor F, or FA/*/Z?, and Ey 
can be demonstrated.' Another interesting feature has been 
noticed for isotopes of W, Os, and Pt. The measured values 
of B(E2) for the E2 transition between the second and first 
2+ levels are consistent with the second expression given 
a 


* Assisted by the Air Force Office of Scientific Research of the Air 


C3. M-4 Transition in Nuclei. R. D. Lawson anp K. K. 
Gupta, University of Chicago——The theoretical matrix 
elements for M-4 transitions for nuclei near closed shells are 
larger by roughly a factor of two than the experimental 
values. The effect of weak configuration mixing on these 
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therefore in such cases glass formation should be quite com- 
mon. There are some liquids bound by van der Waals forces 
which apparently do not crystallize when clean even though 
the crystallization would be nonreconstructive: We have 
observed that the ratio 7/7, of the normal boiling to the 
melting point is abnormally large in these cases and near two 
or more for those compounds which readily form glasses in 
bulk. This is qualitatively understandable since both 8 and 
AG’/RT,, are likely to increase with T)/Tn. 


transitions has been studied. The matrix element for the 
21/2—1g9/2 neutron transition in Sr*’ is reduced by the re- 
quired 50%. The 2:/2—1g9/2 proton transition in Y® and the 
neutron transition in are both reduced by 
~25%, there being no experimental data for the latter 
nucleus. For the 1%13/2—2f/s/2 neutron transition in Pb®’, the 
reduction of the matrix element is only ~6%. If one also 
considers the M-4 transition operator arising from the spin- 
orbit term in the Hamiltonian, there is a further reduction of 
~5% for proton transitions. One may thus say that the 
lifetimes for transitions in Y® and Sr*? are capable of being 
explained by configuration mixing; the present gap may 
perhaps be closed by a more realistic two-body force than the 
6 function. The reduction in Pb®’ is, however, too small to be 
so explained, and one must consider possible contributions 
from other effects, for example, meson currents. 


C4. Collective Effects in N'* and O'.* B. James Raz,t 
Argonne National Laboratory—If one assumes that the 
ground state of N"* is formed by a fi/2 proton and a ds5,z 
neutron, and the first excited state is formed by a f1/2 proton 
and an 51/2 neutron, then the prediction of the Bohr-Mottelson 
weak coupling collective model is that ro” is equal to 
(E,N'*/E,O"")5(7 /8)*r~* where ro" is the lifetime of the first 
excited state of O'7. Using this formula and the measured 
value! of ry**=9.7+0.7 usec one obtains the value of =3.7 
+0.3 X10-" sec. This then can be used to predict the quadru- 
pole moment of O'’. This gives the value Q= —0.025+0.001 
barn. This is to be compared with the experimental values of 
Q=—0.0265+0.003 barn and sec. 
Details of the calculations and extension of these techniques 
will be reported on. 

*Work performed under the auspices of the U. S, Atomic Energy 
Commission. 


t Present address: Carleton College. 
1 Nuclear Data Cards, National Bureau of Standards. 


CS. Simplified Intermediate-Coupling Procedure in the 1p 
Shell. D. Kuratu*t anp L. Piéman,} University of Copen- 
hagen.—Intermediate-coupling wave functions are constructed 
by applying Elliott's generating procedure to intrinsic wave 
functions based on Nilsson’s deformed-potential calculation. 
These are compared with wave functions from an intermediate- 
coupling caiculation with a two-body central interaction in 
the 1p shell. The groups of low-lying states obtained by these 
two methods of calculation have a remarkable similarity, 
indicating that the effect of the two-body central interaction 
can be reproduced by a deformed field. 


= ormed under the auspices of the U. S. / 
tOn leave from Institute “J. Stefan,” 


Ljubljana, Yugoslavia. 


Guggenheim Fi fr aboratory. 


C6. (Abstract withdrawn.) 


C7. Validity of Adiabatic Impact Theories for the Stark 
Effect Broadening of Spectral Lines Arising from Non- 
degenerate Levels. H. Griem, University of Maryland and 
U. S. Naval Research Laboratory (introduced by E. A. Mac- 


lean).—It was generally believed that static interaction 
constants can be used to calculate line profiles if the perturba- 
tions are slowly varying functions compared with the fre- 
quencies corresponding to the energy differences of interacting 
levels. This adiabatic theory developed by Lindholm, Unsdéld, 
and Foley will be confronted with a quantum-mechanical 
treatment of the same problem, i.e., impact and classical path 
approximation will be made. it turns out that the condition 
of slowly varying perturbations is only necessary but not 
sufficient. The adiabatic approximation is the first term of a 
semiconvergent series if the perturbation behaves like some 
inverse power of the distance between emitting atom and 
perturber. Line shifts are more affected than the widths 
and are significantly smaller than predicted by the adiabatic 
theory. In the special cases considered until now the line 
widths agree within 20 or 30%. These results are consistent 
with experiments. 


C8. Factorization of Projection Operators Belonging to the 
Permutation Groups. Haro_tp V. McIntosn, RIJAS, Inc.— 
By using a theorem of Burrow,' Young's factorization of the 
idempotents belonging to the rows of the irreducible repre- 
sentation of the permutation groups is given a new inter- 
pretation which permits a simplified derivation not only of 
the properties of these representations, but many properties 
of angular momentum operators as well. The relation of these 
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results to the spin projection operator method of Pratt? and 
the factored projection operator method of Léwdin* will be 
discussed. 
1M. D. Burrow, Can. J. Math, 6, 498-508 (1954). 

2 George W. Pratt, Jr., Phys. Rev. 92, 278-288 (1953). 

O. Léwdin, “Nature of the Valence-Bond Functions,” 


Note No. 2, Soegtem Chemistry Group, University of U; 
1957). See also: P.O. Léwdin, Phys. Rev. 97, 1509-1520 1955). 


C9. Representation of the Linear Cooperative Problem as 
a Markoff Process. W. W. MuLLIns, Westinghouse Research 
Laboratories.—The equilibrium statistical structure of a 
linear chain of interacting elements, each capable of a states, 
is determined by utilizing the theory of the entropy of a 
Markoff process to express the free energy of the chain as a 
function of its transition probabilities. Minimization of the 
free energy then leads to equations for the transition prob- 
abilities. The condition that these equations have a nontrival 
solution permits the determination of the free energy from the 
largest eigenvalue of a certain matrix, already familiar in the 
matrix method of cooperative phenomena. Expressions are 
given for the equilibrium transition probabilities and several 
theorems concerning their properties are proved. Contrary to 
statements found in the literature, the transition probabilities 
are not, in general, given by normalized Boltzmann factors. 


C10. Generalized Kohler’s Principle for Boltzmann’s Equa- 
tion with a Magnetic Field Acting. P. J. Price, JBM, 
Watson Laboratory.—Kohler’s variation principle needs the 
linear operator, X, of the inhomogeneous equation X¢=g to 
be self-adjoint. This requirement has precluded it in the theory 
galvanomagnetic effects. However, of transformation to 

where S and A are respectively the self-adjoint and anti-self- 
adjoint parts of X (and respectively independent of, and 
proportional to, the magnetic field), makes it possible to 
apply Kohler’s principle. For magnetoconductivity one has a 
true maximum principle. It is convenient to deal with the 
adjoint equation, for the vector mean free path in the presence 
of the magnetic field,’ rather than with that for the distribution 
function. Some practical applications will be presented if 
there is time. . 


1 P. J. Price, IBM J. Research Develop. 2, 200 (1958). 


Cll. Relativistic, Isotropic Turbulence. C. C. Peck AnD 
W. C. Meecuam, The University of Michigan.—An investiga- 
tion of turbulence in a perfect fluid moving at relativistic 
velocities has been made. It is supposed that the turbulence 
is statistically homogeneous, isotropic, and stationary. Four 
dimensional space-time velocity and pressure correlations are 
considered. These correlations are axisymmetric in 4-space due 
to the statistical symmetries. The correlations are constructed 
using quantities selected to insure agreement with the von 
Karman-Horwath equations in the classical limit. The cor- 
respondence between the scalar generators of the new tensors 
and those of the v.K-H tensors has been investigated. 


Technical 
Quly 31, 


D1. Theory of Suprathermal Particles in Plasma. E. N. PARKER, University of Chicago. (60 min for 


this and following — jointly.) 
D2. Application 


Particle Theory to Laboratory Discharges and Astrophysical 
Phenomena. D. A. Be University of Chicago. 
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El. Energy Spectrum of Heavy Primaries.* M. W. 
Teucuer, P. L. Jatn,t AND E. LoHRMANN, University of 
Chicago—In a stack of nuclear emulsions flown near the 
geomagnetic equator at 102000-ft interactions of heavy 
primaries were studied in a systematic way. 543 particles were 
followed altogether. Seveval independent methods were used 
to determine the energies of the heavy nuclei. In this way 
their energy spectrum between 7 Bev/n and about 100 Bev/n 
was obtained. 


af thee of 


joint 
National Science 


* Supported program 
the U. S. Commission, and by the 
t On leave of absence from the University of Buffalo. 


E2. Meson Production by High-Energy Alpha Particles, 
Protons, and Mesons.* M. Scuern, D. M. Haskin, E. 
LOHRMANN, AND M. W. TEucHER, University of Chicago.— 
The prong number distribution of nuclear interactions 
produced by alpha particles, protons, and mesons in the 
energy range between 10" ev and 10 ev is presented and 
analyzed. Furthermore, the angular distribution of the mesons 
produced in these interactions is discussed in connection with 
recent models‘ on multiple meson production. 


Commission, and by the National Science 


olynski, Jurak, Miesowicz, and Sanieoska 


* Supported in part 
and the U. S, Atomic 


iok, Coghen, Gierula, H 
(ovepeiat, 1958); G. Cocconi (preprint, 1958). 


E3. Kinematics of Meson Production by High-Energy Alpha 
Particles.* E. LonrMaNN, P. L. Jarn,f AnD M. W. TEUCHER, 
University of Chicago.—By following alpha particles originating 


in the breakup of heavy nuclei a systematic study of their inter- 
actions was made. A total of 154 interactions were observed 
lying in the energy range between 7 Bev/n and 1000 Bev/n. 
In many cases the energy of the alpha particles can be deter- 
mined by the angles of the fragmentation or by scattering 
measurements. With the help of these measurements a check 
of the median angle formula wiil be given. A statistical 
analysis of meson production and the interaction mean free 
path for alpha particles in the indicated energy range will 
be presented. 

* 

E4. Theory of the Zenith-Angle Variation of the Intensity 
of High-Energy Mu Mesons.* J. A. Smitu AND N. M. DuLLer, 
University of Missouri.—A differential equation describing the 
propagation of high-energy pi mesons in the atmosphere is 
used as the basis for an investigation of the intensity of very 
energetic mu mesons near sea level. A particular aim is the 
dependence of the integral mu-meson intensity on zenith 
angle, for which an expression is derived in polynomial form 
with the explicit appearance of the absorption mean free path 
of the cosmic-ray primaries and the interaction mean free 
path of the pi mesons. Numerical results will be displayed in 
curves showing the dependence of shape on assumed values of 
the two mean free paths. For lower limits of 60 Bev and 
higher all curves show distinct single maxima at angles away 
from the vertical. 
the’ Nacional Science Fou 


. the Alfred P. Sloan 
(IGY). 


ES. Primary Heavy Cosmic Rays at G.M. Latitude 4°N.* 
O. B. YounG AND FRED ZURHEIDE, Southern Illinois Unver- 
sity—G.5 emulsions were exposed February, 1957, during 
Operation EQUEX on two flights of about 100 000-ft altitudes 
for about 74 hr each. Tracks of nuclei of Z>10 were studied. 
The delta ray method of counting was used. Results will be 
given for the charge spectrum, the flux at the top of the 
atmosphere, the attenuation mean free path, and the angular 
distribution. 

* Supported by the Office of Ordnance Research, U. S. Army, and the 
International Geophysical Year Program. 


E6. Cosmic-Ray Production of Positrons and Electrons in 
the Galaxy.* F. C. Jones,* The University of Chicago.—The 
interaction of cosmic rays with interstellar hydrogen through- 
out the galaxy produces stable secondaries, such as y rays 
and e*. The electrons and positrons are derived from 
the sequence of reactions N+N—-N+N-+ 
pt—e*+2v (N =nucleon). Their flux has been calculated to 
be the same order of magnitude as the primary cosmic-ray 
proton flux but depends upon the density of interstellar 
hydrogen and galactic trapping magnetic fields. An approxi- 
mate energy spectrum has been determined with a peak in 
the distribution well below 100 Mev. The experimental 
determination of the electron-positron flux is of interest since 
the flux depends upon basic parameters of the galaxy. The 
existence of the geomagnetic field makes difficult the direct 
observation of such a low-energy particle distribution, and 
the low-energy charged particle cutoff recently shown to 
depend upon solar activity further limits the observational 
possibilities. 

* Assisted in part by the Office of Scientific R 


Development Command, U. S. Air Force. 
t Eastman Kodak Fellow in Physics. 


E7. Momentum and Angle Distributions of Multiply 
Produced Pions.* V. P. KENNEY AND J. G. Darpis, University 
of Kentucky—The multiple production of pions in the 
interaction *~+p—p+2-+2*+2~ has been studied at 0.94 
Bev/c and 1.24 Bev/c in data taken with the UCRI 10-in. 
liquid hydrogen bubble chamber. All particles produced in 
this interaction ionize and track identification is, consequently, 
highly certain. The momentum distribution of +* emitted in 
interactions initiated by 0.94 Bev/c pions shows a sharp peak 
at 0.12 Bev/c; pions from the 1.24 Bev/c interactions present 
a broad maximum about the momentum value 0.25 Bev/c. 
Momentum distributions for negative and positive pions are 
very similar. Positive pions, however, show a marked prefer- 
ence for the forward c.m.s. direction, particularly at the 
lower incident momentum, while negative pions are more 
nearly isotropic. 

*The cooperation of the UCRL hydrogen bubble chamber group is 
acknowledged with appreciation. 


E8. w~ Absorption in C’*.* A. D. McGuire, H. V. Arco, 
F. B. Harrison, anp H. W. Kruse, Los Alamos Scientific 
Laboratory.—The interaction of stopped cosmic-ray muons 
with C'* has been studied with a large liquid scintillator. The 
measured rate of the reaction is = 9400 sec 
(preliminary result) for absorption to the ground state of B". 
This result is consistent with earlier work.! The rate of 
B decay of B® to the C® ground state is? A=33.1 sec™. The 
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ratio \/A=280+40. Theoretical interpretation of this result 
is made difficult by the importance of second forbidden terms 
in the matrix element for muon absorption arising from the 
fact that the wavelength of the emitted neutrino is comparable 
to the nuclear radius. Preliminary theoretical work® indicates 
that the experimental ratio \/A is consistent with equality of 
the muon-nucleon and electron-nucleon coupling constants. 

* Work supported by the U. S. Atomic Energy Commission. 

1T. N. K. Godfrey, Princeton University Thesis, 1954 (unpublished). 

2A. W. Schardt, preliminary result (private — This value 


is corrected for 3% transitions to higher states 
W. Ford (private communication). 


E9. K~ Interactions in a Hydrogen Bubble Chamber; =~ 
and Masses.* ArtHurR H. ROSENFELD, University of 
California, Berkeley.—The Berkeley hydrogen-bubble-chamber 
group has stopped 15000 K~ mesons in the 15-in. bubble 
chamber. Preliminary cross sections up to 240 Mev/c have 
already been reported. At a K laboratory momentum of 300 
Mev/c (84 Mev) we find the following cross sections (in mb): 
for elastic scattering, 52 (based on 63 scatters); for K® pro- 
duction, 2.5 (based on 1); for 2~, 8(10); for =*, 12(15); for 
2°+A, 15(10). At 400 Mev/c (140 Mev), we find for elastic 
scattering, 43(84); for K®, 5(3); 8(15); 12(20); 
16(18); 2°+A associated with x*+2-, 3(3). No up-down 
asymmetry in = decay has been observed. The = chosen were 
those produced by K~ in the center-of-mass momentum 
interval 100 Mev/c <px <200 Mev/c. “Up” was defined by 
Px Xpz, and the asymmetry coefficient is called a. Then, for 
51 =~ decays we find Pa~ = —0.24+0.24; and for 14 decays 
Pact =0+0.5. The following new masses for =~ 
and 2° are found: From 48 observations of the =~ capture 
reactions 2~+p—-A-+n, we can assume a A mass mg =1115.2 
+0.14 Mev, and calculate my-=1196.67+0.50 Mev. Com- 
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bining this with the present weighted average of 1196.5+-0.5 
Mev yields an improved my- =1196.58+0.35 Mev. From the 
energy spectrum of 25 secondary A from the sequence 
+n, we find ms-—mys=4.45+0.37 Mev. 
Using mz-=1196.58+0.35 Mev, we find a new my*=1192.13 
+0.5 Mev. 

* This work was sponsored in part by the U. S. Atomic Energy 


Commission. 


E10. K~Absorption in Deutcrium I: Evidence for the Two- 
Step Process, 
Horwitz, DonaLp MILLER, JosEPH J. 
Murray, MELVIN SCHWARTZ,t AND Horace D. Tart, Univer- 
sity of California, Berkeley—Approximately &~ mesons have 
been stopped in the Berkeley 15-in. bubble chamber. The 
chamber was filled with liquid deuterium. There are approxi- 
mately 360 events involving the following two calsses of reac- 
tions: (1) and (2) 
followed by =°+A-+y¥. It is possible by kinematic analysis to 
distinguish class 1 from class 2. The following is concerned 
with class 1 only. Consider a K~ absorption on a single nucleon 
at rest. If it produces A+x~, the momentum of the z~ is 253 
Mev/c. If it produces 2+, the momentum of the x~ is 182 
Mev/c. We have measured the momentum spectrum of the 
x's from class 1 reactions and find a peak at about 180 Mev/c 
and another peak at about 250 Mev/c. A reaction in class 1 
that produces a x~ of 180 Mev/c is interpreted as follows: The 
K~ meson is absorbed by a single nucleon to produce a = and 
the 180-Mev/c x~. The = then interacts with the other 
nucleon to produce a. A+ nucleon. 

* This work was done under the auspices of the U. S. Atomic Energy 
Commission. 


On leave of absence from Coit University. 
On leave of absence from Yale University. 
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Fl. Radiation Observations with Satellites 1958 Alpha, 1958 Gamma, and 1958 Epsilon. J. A. 


Van ALLEN, State University of Iowa. (30 min.) 


F2. Trapping and Lifetime of Charged Particles in the Geomagnetic Field. N. C. CHRISTOFILOS, 


University of California, Livermore. (30 min.) 


F3. Measurements of Total Radiation Intensity during Sunspot Minimum. JoHnN WINCKLER, 


University of Minnesota. (15 min.) 


F4. Alpha-Particle Intensity and Energy Spectrum at Sunspot Minimum. E. P. Ney, University of 


Minnesota. (15 min.) 


FS. Recent Experiments on the Primary Alpha Particles of Cosmic Rays. PereR MEYER, Univer- 


sity of Chicago. (30 min.) 
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Neutron Physics 


G1. Cloud Chamber Measurement of the Half-Life of the 
Neutron.* N. D’ANGELO, Argonne National Laboratory.— 
The half-life for neutron decay has been measured by photo- 
graphing the events in a diffusion cloud chamber at a rate of 
two frames per second. The neutrons from the Argonne CP-5 


reactor are reflected from a nickel mirror to obtain a neutron 
beam free from gamma rays. From the number of decays 
observed in the cloud chamber and the density of neutrons in 
the beam, the half-life is found to be 12 min, with an error of 
about 15%. This error, which is comparable to that in previous 
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measurements,! arises mainly from the measurement of the 
neutron density and from the poor statistics. The present 
result was obtained by an independent method, and it is 
hoped that improvement in the statistics may cut this error 
approximately in half. 


1 Spivak, Sosnovsky, Prokofiev, and Sokolov, Geneva Conference, 
Paper (1955). 


G2. Neutron Resonance Parameters of Np?’ and Tc”. 
G. G. StauGHTeER, J. A. Harvey, R. C. Bock, anp G. L. 
Jenkins,* Oak Ridge National Laboratory.—Samples of Np?*7 
(2.2108 years) and Tc® (2.1105 years) were chemically 
separated from highly irradiated fuel elements by the ORNL 
Chemistry Division. Two samples of NpOQ, (4.84 g/cm* and 
0.860 g/cm? of Np) were used in measuring the total neutron 
cross section of Np*’ in the energy range 0.2 to 36 ev with the 
ORNL fast chopper time-of-flight spectromenter. A liquid 
sample of Np(NOs); in D,O containing 0.088 g/cm? of Np was 
also prepared for measuring strong resonances. Resonance 
parameters, based on a I’, of 0.032 ev, were obtained by the 
area method for the thirty-two resonances observed in this 
energy interval. The average level spacing per spin state is 
1.5+-0.3 ev, considering the resonances up to 12 ev. The 
strength function is (1.1+0.2) x10~, based on the resonances 
up to 24 ev. The total cross section of Tc” was measured in 
the energy range 0.7 to 454 ev with the same equipment, 
using a sample of TcO: (0.99 g/cm? of Tc). Fourteen reso- 
nances were observed, resulting in an average level spacing of 
65 ev per spin-state. Resonance parameters and the strength 
function will be presented. 


* Research participant in Physics Division from Stetson University. 


G3. Level Spacing of Heavy Odd-Odd Nuclei. J. A. 
Harvey, R. C. Bock, anp G. G. SLAUGHTER, Oak Ridge 
National Laboratory.—Since odd-odd target nuclei have large 
thermal neutron absorption cross sections one would expect a 
small average spacing between resonances in these nuclides. 
However, without the use of enriched isotopes it had not been 
possible to identify with any certainty more than one reso- 
nance in any heavy odd-odd target nuclide. Recently, enriched 
isotopes of lutetium (600 mg enriched to 70.2% Lu’) and 
tantalum (549 mg enriched to 0.25% Ta'®) have become 
available for cross section measurements. The total cross 
section of the Ta!® sample has been measured up to 11 ev and 
that of the Lu'’* sample up to 45 ev. The transmission of an 
enriched sample of Lu'’5 (99.94%) was also measured as a 
further check on the assignment of the resonances. In addition 
to the resonance at 9.43 ev previously assigned to Ta!®, two 
new resonances at 2.13 and 5.96 ev were observed. Nine 
resonances have been assigned to Lu!’* at 0.142, 1.57, 4.39, 
6.17, 9.78, 10.8, 11.9, 21.8, and 24.6 ev with 5 more resonances 
up to 43 ev. Twelve resonances have been assigned to Lu!” 
up to 43 ev. The average level spacing per spin state is com- 
puted from these data to be 6.11.5 ev for Lu'”* and 7+2 
for Lu'’5, Additienal measurements are being made and 
parameters of the resonances and strength functions will be 


presented. 


G4. Energy Levels of Nb* by Inelastic Neutron Scattering.* 
N. Natu,t M. A. Rotuman, D. M. VAN Patter, AND C. E. 
MANDEVILLE, Bartol Research Foundation—Previous re- 
ports! have listed a number of levels in Nb*, found by 
observing the gamma rays following inelastic neutron scatter- 
ing. Accurate analysis of the gamma ray spectra has now 
indicated the presence of a new level at 0.81 Mev. The gamma 
ray from this level is partially obscured by the more prominent 
0.741-Mev gamma ray. The level energies at present are: 
0.029, 0.741+0.005, 0.81+0.005, 0.958+-0.005, 1.08+0.01, 


SESSION G 


(1.17), 1.280.015, 1.34+0.02, 1.48+0.015, 1.66+0.02, and 
1.92+0.03 Mev. Transitions from the 0.741- and 0.958-Mev 
levels go directly to the ground state. 

* Assisted by the U. S. Atomic Energy Commission. 

t Permanent address: Delhi, India. 

1 Nath, Van Patter, Rothman, and Mandeville, Bull. Am. Phys. Soc. 


Ser. II, 3, 165 (1958). 
2 Boley, Thorndike, and Moffet, Phys. Rev. 110, 915 (1958). 


G5. Fast Neturon Capture Cross Sections.* M. G. SILBERT 
AND A. E, JoHNsRUD, University of Wisconsin —The investiga- 
tion of fast neutron activation cross sections previously 
reported' has been extended to eleven additional isotopes. 
Cross sections as a {unction of energy were obtained for Co® 
(for activation of the 10.5-min state in Ga”, Br”, Br*', 
Sr**, Nd™8, Nd!®, (to 9.2-hr state), and Ho'® 
(to 27.2-hr state) in the neutron energy range of 160 to 2500 
kev, with neutron energy spreads of 50 kev below 600 kev and 
170 kev above 600 kev. The activity induced by fast neutrons 
was measured and compared to that induced by thermal 
neutrons. The fast and thermal flux were compared with a 
U5 fission counter. Knowledge of the thermal activation 
cross section and the energy dependence of the U™* fission 
cross section allows calculation of the fast neutron activation 
cross section. The cross section varies as 1/E for Br™ (to 
18.5-min state) and Br®™; as 1/v changing to 1/E at higher 
energies for Ga”, Eu'*', and Ho'**. The cross section remains 
constant from about 500 to 1000 kev for Co® and Nd'®. 

* Work supported by the U. S. Atomic Energy Commission and by the 
Graduate School from funds supplied by the Wisconsin Alumni Research 


Foundation. 
a Silbert, and Barschall, Bull. Am. Phys. Soc. Ser. II, 3, 165 


G6. Differential Cross Section for Elastic Scattering for 
Neutrons on O"* from 100 kev to 1700 kev.* R. O. LANE AND 
J. E. MonaHAN, Argonne National Laboratory.—The differen- 
tial cross section for elastic scattering of neutrons from O'* 
was measured from 100 kev to 1700 kev at intervals of 
approximately 20 kev. Data were taken at 8 angles with 
energy resolution from 8 to 20 kev. Normalized counts for 
Sn were subtracted from SnO, counts to give oxygen counts. 
A phase-shift analysis incorporating the corrections for 
multiple scattering and the second group of neutrons from 
the Li’(p,2)Be’ source is not yet completed. However, 
angular distributions in the vicinity of the 1.66 Mev neutron 
resonance strongly indicate this is a fr/2 level in O'. For this 
assignment the ratio of measured to single-particle reduced 
width is ~0.36. The corresponding ratio for the d3,2 level at 
1.0-Mev neutron energy is ~0.62. Using a resolution of 5 kev 
no evidence was observed for any neutron resonances cor- 
responding to the levels in O!" at 5.215 Mev and 5.731-Mev 
excitation as reported by Browne.! 


* Work performed under the auspices of the U. S. Atomic Energy 
m. 
1C. P. Browne, Phys. Rev. 108, 1007 (1957). 


G7. Polarization of 6 and 7 Mev Protons Elastically 
Scattered by Nuclei.* Rosert E. WARNERTt AND W. PARKER 
ALForRD, University of Rochester—The instrumentation and 
some preliminary results for this research were reported 
previously.! P(6) for carbon from 5 to 7 Mev near 45° has 
been measured, showing that carbon is an efficient analyzer for 
polarized protons from 5.0 to 6.3 Mev. P>0.50 for carbon in 
this energy range. Final data will be reported for P(@) of 
protons elastically scattered from Al, Ti, V, Cr, Fe, Co, Ni, 
Cu, and Zn at 6 Mev, and from Al, Fe, Ni, and Cu at 7 Mev. 
These data will be compared with unpublished optical model 
theoretical predictions by G. Campbell and F. Bjorklund 
(private communication). Data for the polarization as a 
function of energy for Fe and Cu at fixed angles and from 5.8 
to 6.4 Mev will be reported. Fe, but not Cu, shows a fairly 
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rapid variation with energy, indicating that possibly com- 
pound elastic scattering is important. 

*Supported by the U. S. Atomic Energy Commission and the Esso 
Education Foundation. 


t National Science tow Predoctoral Fellow. 
wn Warner and W. P. Alford, Bull. Am. Phys. Soc. Ser. II, 3, 204 


G8. Polarized Neutrons from Li’(p,n)Be’ and Their Inter- 
actions at 2.1 Mev.* L. CranserG, Los Alamos Scientific 
Laboratory.—Observations have been made of the polarization 
of neutrons produced in the reaction Li’(p,n) Be? using n — He* 
scattering as analyzer. The helium gas was contained in a 
sphere of 1}-in. diam at 5000 psi. The pulsed beam time-of- 
flight method was used as a neutron spectrometer. Appreciable 
polarization (230%) has been found from E,=1.0 to 2.65 
Mev at angles of 35° and 50° for neutrons going to the ground 
state of Be’, but much smaller polarization for neutrons going 
to the first excited state in Be’. Detailed investigations of 
elastic and inelastic scattering are under way using neutrons 
of 2.1 Mev energy at 35°, which are 34% polarized. Scattering 
angles from 30° to 130° in the laboratory can be covered with 
excellent counting rate and signal-background ratio. Negligible 
(less than 0.07) polarization has been found in n-d scattering. 
This result is in disagreement with the reported! value of 0.48 
+0.05 at 2.26 Mev, but in agreement with a theoretical 


prediction.* 
*Work performed under the auspices of the U. S. Atomic Energy 


Commission. 
—— Chisholm, and Brown, Nuclear Phys. 7, 233 (1958). 
*R.S » Christian v. 91, 100 (1953). 


and J. L. Gammel, Phys. 


G9. Scattering of Fast Neutrons by Magnesium and 
Bismuth.* Davip B. THomson, L. CRANBERG, AND J. S. LEVIN, 
Los Alamos Scientific Laboratory——The scattering of fast 
neutrons by Mg has been studied for incident energies of 2.0, 
3.0, 4.0, and 5.0 Mev. Angular distributions have been ob- 


tained for elastic scattering and for the inelastic neutrons due 
to excitation of the 1.37-Mev level in Mg™*. The pulsed-beam 
time-of-flight technique was used to identify the neutron 
groups. The differential elastic and inelastic cross sections 
were determined at each energy by comparison with the 
differential m-p scattering cross section. The total inelastic 
cross sections are 0.16+0.05, 0.47+0.06, 0.59+0.07, and 
0.52+0.10 barn, corresponding to the four energies listed. 
The angular distributions for the inelastic scattering show 
some departures from isotropy but do not indicate the large 
variations predicted by direct interaction models.’ A similar 
remark applies to results obtained on Bi® at 2.82 Mev where 
the neutron yields corresponding to excitation of the 0.90- 
and 1.56-Mev levels were observed. The ratio of yields at 20° 
to those at 157° differed from unity by less than 30% for 
both levels, in disagreement with earlier results.* 
done under the auspices of the U. S. Atomic Energy 
US. Yoshida, Progr. Theoret. Phys. (Koyoto) 19, 169 (1958); K. Ford 
and N. Glendenning (private communication). 
? Kern, Shelton, and Snedegar, Bull. Am. Phys. Soc. Ser. I1, 3, 268 (1958). 
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G10. Differential Elastic Scattering of 14~-Mev Neutrons 
from Sulfur, Titanium, and Cobalt.* C. St.-PrERRE AND M. K. 
MacuweE,t Université de Montréal (introduced by P. Lorrain). 
—Differential cross sections have been obtained for the 
elastic scattering of 14-Mev neutrons by sulfur, titanium, and 
cobalt over the angular range 10° to 138°, using a ring geome- 
try and plastic scintillating detector. Corrections have been 
applied for the energy sensitivity and angular sensitivity of 
the detector. Angular resolution effects have been removed by 
iteration. The experimental results are compared with the 
optical-model calculations of Bjorklund et al.' 

* Assisted by the U. S. Atomic Energy Control Board of { Conta, 


t On leave of absence from the University of Delhi, Ind. 
F, Bjorklund and S. Fernbach, UCRL-4926-T (unpublished). 
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G11. Elastic and Inelastic Scattering of Neutrons by He’.* 
A. Sayres, K. W. Jones,t anp C. S. Wu, Columbia University. 
—Differential elastic, total elastic, and inelastic scattering 
cross sections were obtained from spectra of the n+He* 
reactions at E,=2.5, 5.0, 8.0, and 17.5 Mev. These spectra 
were observed in a proportional counter filled with He’, 
krypton, and Co». Corrections were made for wall effect, 
resolution, and krypton and CO, backgrounds. Cross sections 
were obtained from the relative number of He*(n,p)H®, 
He’(n,D)D, and He*(n,n)He*® events and the known He*+n 
total cross section. Elastic differential cross sections were 
inferred from the He? recoil energy distributions, and com- 
pared with the corresponding calculated distributions of 
Bransden et al.! The experimental distributions are character- 
ized by relatively large scattering cross sections at forward 
center of mass angles as predicted by calculations based on 
Serber forces. The scattering at back angles is less than at 
forward angles, falling between the values predicted by using 
Serber or symmetrical interactions. Recently Simmons et al.? 
have reported similar angular distributions using time-of- 
flight for E, =1.0, 2.0, 3.5, and 6.0 Mev. 

* This work partially S. Atomic Energy Commission. 


ransden, Robertson, and Swann, Proc. Phys. Soc. (London) A69, 
877 (1880). 


a, Cranberg, and Seagrave, Bull. Am. Phys. Soc. Ser. II, 3, 338 


G12. Energy Dependence of (n,p) Reaction Cross Sections 
near Threshold. N. C. Francis, E. F. Clancy, ano D. Brett, 
Knolls Atomic Power Laboratory—The direct interaction 
model has been used to calculate the energy dependence of 
(n,p) cross sections near threshold. The energetic incident 
neutron is assumed to have a zero range effective interaction 
with a target proton. Since the mean free path of the incident 
neutron in nuclear matter is very short, the interaction is 
presumed to occur in the surface region. The energy depend- 
ence of the cross section is determined primarily by the wave 
function of the emitted proton weighted by the product of the 
incident neutron, bound proton, and final state bound neutron 
wave functions. Because of the sensitive dependence of the 
cross section on the tail of the target nuclear wave function, 
the energy dependence of the (m,p) cross section should 
furnish valuable information about that part of the wave 
function. Neutron beams from reactors and cloud chamber 
detectors could be used to measure these important cross 
sections accurately. 


Gi3. 14-Mev (n,2n) Cross Sections of N“, P™, K*, Ti*, 
Cr®, and Fe*.* L. A. RayBuRN, Argonne National Laboratory. 
—The (m,2m) cross sections of these nuclides have been 
measured using an activation technique which has been 
described previously.! Preliminary values of these absolute 
cross sections are given in Table I. 


* Work performed under the auspices of the U. S. Atomic Energy 
iL. A. Rayburn, Bull. Am. Phys. Soc. Ser. II, 3, 337 (1958). 


G14. Total Cross Section for T(¢,n)He*. J. H. Gippons 
AND R. L. Mackin, Oak Ridge National Laboratory.—Our 
previously reported values for this cross section have been 


|| 
(m,2") 
cross section 
Nuclide Half-life millibarns 
12.3 min 8.5 
pa 2.4min 11.9 
7.7 min 3.8 
Ti 2.9hr 279 
Cr# 38.5 min 254 
Fes 9.8 min 16.7 
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found to be tvo low because of protium and He’ contamination 
of the uranium gas ovens used. Recent careful determinations 
with accompanying mass spectrometric gas analysis! show 
that the previously reported numbers should be raised by 
27% with a relatively large uncertainty of 10% due to the 
unexpected difficulty in handling and sampling tritium with- 
out hydrogen contamination. The He*(m,p) cross sections 
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calculated by reciprocity now agree within about 7% with the 
Harwell data,? but not so well with the older Los Alamos 
data.* Recent integrated angular distribution data from Los 
Alamos,‘ however, are in close agreement. 

1 Courtesy of Savannah River and Los Alamos Laboratories. 

2 Batchelor, Ave, and Skyrme, Rev. Sci. Instr, 26, 1037 (1955). 


J. H. Coon, Phys. Rev. 80, 488 (1950). 
4J. E. Perry (private communication). 


FRIDAY AFTERNOON AT 2:15 
Eckhart 133 
(Cyrit S. SmitH presiding) 


Ferroelectrics; Metals 


H1. Powder Pattern Techniques for Delineating Ferro- 
electric Domain Structures. G. L. PEARSON aND W. L. 
FELDMANN, Bell Telephone Laboratories—Colloidal suspen- 
sions in insulating organic liquids have been found which 
produce powder patterns on polarized domains in ferroelectric 
crystals. Sulfur (yellow) in hexane deposits on negative 
dipole ends while lead oxide (red Pb3;0,4) deposits on posi- 
tive dipole ends. This technique delineates domain struc- 
tures in great detail and can be used on a wide variety of 
ferroelectric crystals in which domain structure has not been 
detected by other means. Ferroelectric crystals which have 
been studied by this technique include barium titanate, 
rochelle salt, glycine sulfate, guanidinium aluminum sulfate 
hexahydrate, and numerous isomorphs. New etching tech- 
niques for barium titanate and glycine sulfate are described. 
Similar domain structure is revealed by etching and powder 
deposit in those materials where both techniques can be used. 


H2. Theoretical Treatment of Electric Breakdown in 
Barium Titanate. Eomunp G. FRANzAK,* Sandia Corporation. 
—A method has been developed using an essentially rigid ion 
hypothesis for deriving the electric breakdown field strength in 
ionic crystals. The basic mechanism responsible for breakdown 
is assurned to be an electron avalanche effect. As is customary 
the effect of the lattice vibrations is treated by means of a time 
dependent perturbation theory. An expression for the electron- 
phonon interaction probability is derived which allows um- 
klapp processes. In the simplest case, restricting the inter- 
actions to nonumklapp processes, the expression reduces to 
that derived by Callen! except for a numerical factor charac- 
teristic of the Bravais lattice. The ionic nature of barium 
titanate is assumed and a calculation of the breakdown field 
strength is made for a single crystal at 150°C in the cubic 
nonferroelectric phase using the infrared absorption data of 
Last.? A value of 16.9 10* v/cm is obtained. 

* Now at Northwestern University. 

1H. B. Callen, Phys. Rev. 76, 1394 (1949). 

2J. T. Last, Phys. Rev. 105, 1740 (1957). 

H3. Critical Point Fluctuations in BaTiO;.* James I. 
Bropuy, Armour Research Foundation.—Critical point fluctu- 
ations, predicted by Burgess! to occur in ferroelectric materials 
at the Curie point, have been observed in single crystal 
barium titanate samples. The fluctuations are examined by 
passing the crystal slowly through the Curie point and measur- 
ing the random noise voltages appearing across silver paste 
electrodes applied to the (001) faces. Large noise voltages are 
generated at the Curie point on both heating and cooling and 
the temperatures of the noise maxima agree with transition 
temperatures determined by remanent polarization measure- 


ments. The noise voltage appears to be nearly independent of 
the rate of change of temperature over the range 0.10 to 
10°C/min and is higher at low frequencies for heating than 
for cooling. At high frequencies the measured noise level is the 
same for both heating and cooling. Short circuit noise currents 
of the order of 2.5X10-* (amperes)*/cycle are observed at 
10 cps for a 0.1 cm? crystal. The noise current density spectrum 
has an 1/f? frequency dependence from 3 cps to 10 kc, which 
may imply that polarization fluctuations vary as 1/f*. A 
similar noise peak is observed at the 0°C transition. 
* Work supported by the Office of Naval Research. 


'R. E. Burgess, Armour Research Foundation Fluctuations in Solids 
Symposium (March, 1958). 


H4. Association of Oxygen Atoms in Interstitial Solid 
Solution in Tantalum. R. W. Powers AND MARGARET V. 
DoyLe, General Electric Research Laboratory.—Mechanical 
relaxation experiments are interpreted to show that, in dilute 
solutions of oxygen in tantalum, an equilibrium exists between 
those oxygen atoms that are associated pairwise and those not 
associated. A mass action law described the reaction 


20(in Ta solution)++O2(in Ta solution). 


The standard free energy of formation of oxygen pairs at 
76°C amounts to —2.5 kcal. This result conforms to the 
theoretical predictions of Zener! and of Fisher* that interstitial! 
solutes in bcc metals should attract each other by virtue of a 
strain interaction acting through the metal lattice. 


1C. Zener, Phys. Rev. 74, 638 (1948). 
2J. C. Fisher, Acta Met. 6, 13 (1958). 


HS. Vacancy Divacancy Equilibrium in Quenched Gold.* 
W. Patmert AND J. S. KoenLer, University of Illinois.— 
It is shown that if vacancies and divacancies are assumed to be 
present locally in the equilibrium ratio, then the effective 
diffusion constant for voids is the average given by Koehler, 
Seitz, and Bauerle.' Two kinds of experiments were done on 
specimens quenched from 800°C to obtain more accurate 
values of B, the binding energy of divacancies, and Ey’, the 
energy to move a divacancy. First, a specimen was held at 
0.5°C for 5 days to produce divacancies. It was then annealed 
at 100°C. No anomalies were observed in the 100°C annealing 
which could be attributed to divacancy breakup. Second, a 
specimen was annealed at 88.0°C and 98.0°C. The effective 
energy of motion determined at each change in annealing 
temperature increased from 0.735 ev when Ap was 1.06 X10-* 
ohm cm to 0.77 ev when Ap was 0.266 X10-* ohm cm. This 
experiment confirms the concentration dependence of the 
effective energy of motion and agrees qualitatively with the 
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equation mentioned above. The experiments indicate that 
B<0.15 ev and 0.55 <Eafeg—B <0.65 ev. 
* Work supported in pore by | by U.S. Atomic Energy Commission contract. 
eepsie 


t Now at IBM, Poug' 
1 Koehler, Seitz, and Bauerle, Phys. Rev. 107, 1499 (1957). 


H6. Effect of Plastic Deformation on the Recovery of 
Quenched-in Resistivity of Gold.* M. Mesni anp J. W. 
KAUFFMAN, Northwestern University.—This study involves the 
acceleration of quenched-in resistivity recovery due to strain- 
ing. The specimens were 99.999% purity gold polycrystalline 
wire. Resistivity was measured in liquid helium with the 
specimen quenched from 1000°C with the quenching rate of 
30000 deg/sec. For the deformed specimens activation 
energies as low as 0.45 ev were found in the early stage of 
recovery. This value increased as the recovery p 
reaching 0.7 ev which is the value found for the undeformed 
specimens. The activation energies were determined from the 
ratios of the slopes of the recovery curves at various tempera- 
tures. This remarkable change of the activation energy was 
not found in the unstrained specimens, although it may show 
a slight increase during recovery. The shape of the recovery 
curve was also affected by plastic deformation. The initial 
part of recovery was speeded up markedly and the resistivity 
change of strained specimens after an initial enhanced part 
were found to be close to an exponential decay in the case of 
extension, while unstrained and bent specimens failed to 
decay exponentially. 

* This research was partially supported by the Office of Naval Research. 


H7. Effect of Pressure on Anelastic Relaxation in Silver- 
Zinc.* G. W. TicHELAAR AND D. Lazarus, University of 
Illinois.—Using a novel experimental apparatus, studies have 
been made of the effect of hydrostatic pressure up to 9000 
kg/cm? on the rate of stress relaxation at constant small strain 
in an Ag-30 atomic percent Zn alloy, where the relaxation is 
presumably diffusion limited. For temperatures between 
110°C and 150°C the relaxation time is found to increase:ex- 
ponentially with pressure. The zero pressure data are in good 
agreement with previous work by Nowick. At 9000 kg/cm? 
the relaxation time is about a factor of four greater than at 
1 kg/cm!, for all temperatures. The pressure dependence can be 
interpreted in terms of an “activation volume” of 5.36+0.07 
cm*/mole which is about half the atomic volume of the 
material. This may mean that the volume of formation of a 
vacancy is about half of the atomic volume, which number isin 
accordance with a recent calculation, for copper, by Tewordt. 


* Supported in part by the U. S. Atomic Energy Commission. 
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H8. Atomic Mobility in Silver-Zinc Solid Solutions.* D. P. 
SERAPHIM AND A. S. Nowick, J. B. M.-—Relaxation times for 
the Zener internal friction peak were measured for single 
crystal specimens over the a phase of the Ag-Zn alloy system 
from 3.7 to 31 atomic % zinc. These results, along with the 
values of the frequency factor established earlier! indicate that 
the activation energy (H) for the relaxation process de- 
creases linearly with increasing zinc content. The value of 
H=39.9+0.2 kcal/mole, obtained by extrapolating the results 
to zero zonc content, lies significantly below the activation 
energies for tracer diffusion* of Ag or Zn in pure Ag. Possible 
explanations for this discrepancy will be considered. The 
orientation dependence of the relaxation time was also 
investigated. For crystals of 26 at % Zn there is no anisotropy 
in the relaxation time to within a factor of 1.2 for a group of 
crystals covering orientations from (100) to (111). 

* This work was carried out at Yale University where it was supported 
by the Office of Ordnance Research. 

: A. Nowick, Phys. Ber. 88, 925 (1952). 


?C. Tomizuka and E. Sonder, Phys. Rev. 103, 1170 (1956). 
2A. Sawatzky and F. E. Jaumot, Phys. Rev. 100, 1627 (1956). 


H9. Quantum Theory of Thermal Transport Phenomena in 
Metals. E. C. Mcirvine.* Cornell University—A quantum- 
mechanical transport equation corresponding to the classical 
Boltzmann equation is derived. A new representation due to 
Overhauser, the superlattice representation, provides occupa- 
tion probabilities which form a well-defined non-negative 
definite analog of the phase space density. The superlattice 
basis functions are orthonormal wave packets characterized in 
general by a band index, a wave vector, and a superlattice 
position vector. The crystal momentum and position are 
automatically coarse grained to satisfy the uncertainty 
principle. The Bloch and Wannier representations are special 
cases of the superlattice representation for particular choices 
of the superlattice parameter. Standard methods are used to 
introduce irreversibility into the density matrix Schrédinger 
equation. The quantum transport equation governing the 
electron occupation probability in the superlattice representa- 
tion has the same field terms as the classical Boltzmann 
equation, but involves the discrete coarse-grained wave 
number and position of the superlattice representation. The 
scattering terms involve transitions between different super- 
lattice states, and thus include scattering processes which 
move electrons from one superlattice cell to another. The 
solution of the classical equation is affected very little by these 
quantum effects, for all temperature gradients which might 
reasonably be encountered. 


* Now at General Atomic. 


Fripay AFTERNOON AT 2:15 
Social Sciences 122 
(G. E. UfLenreck presiding) 


Theoretical Physics, II 


Ji. Time Reversal Invariance and Parity Conservation in 
Electromagnetic Interactions. MENDEL Sacus, Lockheed MSD 
Research Laboratory—-The invariance of electromagnetic 
interactions under charge conjugation (C) implies, according 
to the TCP theorem, that these interactions are invariant 
under the product (PT). Assuming that C is a constant of the 
motion, but that P and T are separately not constants of the 
motion, it is possible to construct a gauge invariant, Lorentz 
invariant theory in which the form of the Hamiltonian, 
describing the interactions between charged Dirac particles 
and the electromagnetic field, is made symmetric in E and H 
at the expense of the violation of both P and T. The theory is 


constructed by altering the generalized four-momentum 
(py +(e/c)A,) to the form [p,+(e/c)(A,+B,)]; where B, isa 
pseudovector four-potential of the form 


and the coefficient £ is a dimensionless real number. The corre- 
sponding additional interaction Hamiltonian has the pseudo- 
scalar form 


where F,, is the electromagnetic field tensor. Physical impli- 
cations of this interaction Hamiltonian will be discussed. One 
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of these is the breakdown of Kramers’ degeneracy theorem in 
paramagnetic salts; experimental investigations of such an 
effect presently under way at this laboratory. 


jJ2. Energy of an N-Particle System with Strong Short- 
Range Repulsions.* JoHN CLARK AND EUGENE FEENBERG, 
Washington University—We describe a simple variational 
method for calculating the energy of an N-particle system with 
strong short range repulsive interactions. First the Hamil- 
tonian is written H = — where Ve 
contains all state independent singular repulsions. Then 
substitution of e5@ for the wave function ¥ produces the 
following expression for the expectation value of H: 


(= fes{ / fesere, 


provided S satisfies and 
[Va,S]=0. The singular two-particle repulsions characteristic 
of nuclear and other systems may be removed in this fashion, 
by assuming S to have the form S=2i<Sij(yij). Three- 
particle interactions implied by this form for S are small in 
nuclear applications. For some problems an independent 
particle @ should be satisfactory, while for others a calculation 
to higher order in Va, based on an orthonormal! set of such 
#’s, may be required. In the latter case, the matrix elements 
involved are identical with those of ordinary perturbation 
theory except for the presence of the correlation factor e*5 
before each volume element. 
* Supported in part by the Office of Scientific Research. 


J3. Resonance Reaction Formalism.* Harry LustiG, 
Nuclear Development Corporation of America and City College 
of New York.—The Blatt-Biedenharn formalism! for the calcu- 
lation of cross sections in resonance reactions and scattering is 
extended to provide for (1) spin-orbit effects in the potential 


scattering, (2) the interference of resonances of unequal spin 
and/or parity, and (3) the finite energy resolution of the 
incoming particle. Explicit formulas for the total cross section 
and for the Legendre expansion coefficients in the differential 
cross section will be given for single channel reactions. 

* Part of this work was done under subcontract with Oak Ridge Nationai 


1 John M. Blatt and L. C. Biedenharn, Revs. Modern Phys. 24, 258 


(1952). 


J4. Two-Component Neutrinos in General Relativity.* 
O. BERGMANN AND L. WitTEN, RIAS, Inc.—-The authors 
report on a unified field theory for Einstein’s metric field and a 
two-component neutrino field, following the method of uni- 
fication developed by Rainich! for Einstein's field and the 
electromagnetic field. We derive, without using Dirac’s 


equations, 

where J, is the current vector and Ry», the energy-momentum 
tensor of the neutrino field. Dirac’s equations impose certain 
conditions on Ram and the derivatives Jn;,; in particular, R 
and J*,,, must vanish and Ry» will therefore be proportional 
to the Einstein tensor. Additionally, we found other relations 
between Ram and Jn;m which hold independently of Dirac’s 
equations. We expect that these will allow us to select a 
unique solution J, of the above equation. The spinor field 
can now be calculated from J, up to an arbitrary phase 
transformation. 


* Partially su 
1G. Y. 


J5. Photoelectric Effect at High Energies I.* T. Erser, 
Illinois Institute of Technology, AND R. H. PRatT, University of 
Chicago.—A recalculation of the high-energy photvelectric 
effect, using Dirac wave functions, has been previously 


reported.! The leading term op has the form f(az)/k, where 


by the Aeronautical Research Laboratory, WADC. 
Trans. Am. Math. Soc. 27, 106 (1925). 
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J (a2) contains a double integral over auxiliary variables. The 
analytical simplifications at a stage equivalent to Hall’s 
version? of this double integral facilitate a complete discussion 
of the remaining two integrations. One integral may be per- 
formed in terms of incomplete beta functions. The remaining 
integration leads to generalized hypergeometric functions. As 
=4ra(az)*/k confirming previous work. In order 
to confine the analysis to tabulate functions, the last integral 
has also been calculated as a power series in ¢ = 1—(1—[az]*)# 
to O(c¢*); there is good numerical agreement with the machine 
calculations (see following abstract) over the entire range of 
physicai interest. 

*This work was supported in part by the U. S. Atomic Energy 
Commission. 


1 T. Erber, Bull. Am. Phys. Soc. Ser. II, 3, 53 (1958). 
?H. Hall, Phys. Rev. 45, 620 (1934); Revs. Modern Phys. 8, 358 (1936). 


J6. Photoelectric Effect at High Energies II.* R. H. Pratt, 
University of Chicago, AND T. Erper, Illinois Institute of 
Technology.—Numerical calculations of the high energy limit 
of the total cross section for the K shell photoelectric effect 
have been performed to supplement the analytic expressions 
discussed in the preceding abstract. Detailed curves wil! be 
presented showing the complete behavior of ¢p as a function 
of nuclear charge. The values obtained are appreciably 
smaller than those given by Hall; For example, at at=0.6 
(i.e., Pb), Hall gives 7p =0.45200, whereas the present work 
yields 0.222 oo; this is in fair agreement with the value 0.235 
@o calculated by Bover.' Previous calculations? will be dis- 
cussed with particular emphasis on Coulomb and relativistic 
effects as well as the extrapolations to lower energies. Since it 
is also known that op =¢pps in the high energy limit (footnote 
1 of the preceding abstract), the present results may be 
extended to op4s—the one photon positron annihilation cross 
section—by a detailed balance argument. 

*This work was supported in part by the U. S. Atomic Energy 
Commission. 


1 R. H, Boyer (private communication). 
2F. G. Nagasaka, dissertation, University of Notre Dame, 


(unpublished). 

J7. Physical Nucleon in Static Source Meson Theory. 
F. R. HALPERN AND L. Sartort, Princeton University—An 
approximate wave function for the physical nucleon in static 
source meson theory has been constructed by means of the 
method of moments. This wave function includes contributions 
from states containing as many as five mesons. It is a 
peculiarity of the static model that the probabilities of the 
meson cloud being in a particular angular momentum or 
isotopic spin state are almost independent of the dynamics of 
the system. Since the matrix elements of the spin and isotopic 
spin operators between physical nucleon states can be ex- 
pressed in terms of these probabilities, they are determined 
essentially by the kinematics of the meson cloud. The kine- 
matic possibilities are greatly inhibited by the static approxi- 
mation ; consequently, any predictions of the static model that 
rely on matrix elements of the nucleon operators must be 
considered unreliable. From this point of view, the consistent 
failure of the static model to explain satisfactorily the scalar 
part of the anomalous magnetic moment, or its apparent 
failure to explain the radiative corrections to 8 decay, are not 
surprising. On the other hand, such phenomena as the vector 
part of the moment and the charge distribution of the meson 
cloud are apparently more related to the dynamics of the 
system. 
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J8. Electromagnetic Structure of the Nucleons. J. M. 
Barnotuy, Evanston, Illinois.—High-energy electron scatter- 
ing experiments have been interpreted as evidence for the 
finite size of the nucleons. The here presented model of 
elementary particles was conceived in the course of an attempt 
to eliminate metaphysical creation acts, inherent to all present 
day cosmologies. It led to a static cosmological solution for 
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our universe, in which redshift, Stebbins-Whitford effect, 
cosmic radiation and the cosmological constant are different 
manifestations of the same phenomenon. The model of the 
elementary particles sets out from the assumption that 
elementary particles are static universes like our own with 
smaller length and mass units, embedded in a four-dimensional 
continuum. Due to the curvature of their space, these “smaller 
universes” will present themselves to our observations in the 
form of surfaces of constant curvature, of finite size. The 
known elementary particles are derived from the different, 
admissible static cosmological solutions. The model provides 
for the electromagnetic structure of the proton a form factor 
of F, = F,, = for that of the neutron F, =6 
and F,,=(1+4¢*A*)*—1.5107%g?; for that of the alpha 
particle F, = (1—4g*k*) (1+ where 4 is the 
Compton wavelength of the proton and g the energy momen- 
tum transfer. 


J9. Decay of AH; and the Spin Dependence of the A-Nu- 
cleon Interaction.* M. Leon, Cornell University (introduced by 
B. W. Downs).—A calculation was made of the fraction of the 
=~ mesonic decays of the hypertriton AH* which yield the 
two final products He* and x~. This fraction is a function of the 
spin of AH* and of the ratio p/s of the amplitudes for decay 
of the free A via the s- and p-wave channels. The results are 
compatible with the present experimental data. They indicate 
that probably p/s< 1, and that the spin of AH?® is 4, which 
implies that the singlet A-nucleon interaction is more attrac- 
tive than the triplet. These results are in agreement with those 
of a previous calculation by Dalitz for AH*. 


* Sup by the oint program of the U. S. Atomic Energy Commis- 
sion the Office of Naval Research. 


Jio. On Mesons and Hyperons. GERTRUDE TIRING 
ScHWARZMANN.—The antiprotons and negative pi mesons 
of momentum 1920 Mev/c have been the central bodies and 
satellites of antineutrons and neutrons, respectively, in Cu 
nuclei. The inert masses of particles are interpreted as motional 
quantities, energy A-f over v*. The functional dependency 
of spin frequency f and velocity v is expressed by f =1-2*-b/7.3 
and by f=1840-*-b/7.3 for electrons and protons, respec- 
tively, where 5 stands for [(c?/(c@—v*) }. Supposing that there 
exists a maximum particle velocity v* and with it a maximum 
value b*, the energy of electrons and protons of velocity v* can 
increase uniquely by the increase of their frequencies by a 
factor, delta, increasing steadily and continuously. From the 
pi mesons’ momentum 273m;X13.795c are obtained the 
maximum values 5* = 13.8311 and v* =c/1.002627. Interpreta- 
tion of mesons and hyperons as electrons and protons spinning 
faster than motivated by their velocity agrees with the 
picture of particles as small circular rings all having egual 
actual mass and volume. This makes the ratio f/s* the actual 
bearer of the particular particle nature of material entities in 
particle and wave state, impressed upon them on pair produc- 
tion, interpreted as wave phenomencn. 
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Jil. Trien-Dynamics. JoserH G. Barrepo, C.S.I.C.- 
Research with stellarator, perhapstron, zeta, etc., confirms the 
demonstration by the chronosuperconductivity eftect' that 
the interacticnless mass, Maxwell's, Fermi-Dirac’s, Bose- 
Einstein's statistics, fields, Lorentz invariant, waves, linearity, 
and timeless jumps are meaningless submacroscopically. This 
indicates the need for an “electrodynamics” (trion-dynamics') 
which considers not only moving but fusing particles avoiding 
the foregoing concepts and keeping only charge, length, and 
time as basic concepts. Trion-dynamics that predicted the 
chronosuperconductivity effect, predicts also the following. 
(1) The small turbulence found in thermonuclear reactions* are 
trions.' (2) The number of particles produced in high-tempera- 
ture plasma are given by the nonlinear equation dN/dt 
= (4d/m)-*N%-+ (N=number of charges per cm, ¢=time, 
m=mass produced by the interaction within the trion, 
d=length of the trion’s internal coordinates). (3) The velocity 
of light is not the velocity of invariant moving particles, as 
relativity considers it, but the fusing velocity of three- 
component particles (trions). (4) Temperature estimation 
should be based on thorough study of bulk plasma properties. 
(5) The results should be rather independent of the size of 
the “‘magnetic bottle.” and (6) The behavior of high-tempera- 
ture plasma and superconductors should be similar. 

‘J. G. Barredo, Phys. Rev. 98, 1542 (955); Naturwissenschaften 15, 
Am. Phys. Soc. Ser. II, 3, 257 (1958). 
S. A. Colgate as 


and H. Furth, 128, 128, 337 (August 15, 
1958), R wed Thoneman, Nature (to be published). 
of the Proper 


Jiz. G Conjugation and the Group-Space 
Lorentz Group. E. J. SCHREMP, U. S. Naval Research Labo- 


ratory.—We have shown! that in a certain preferred reality 
system* the operation of complex conjugation,* = 
where the bar (~) denotes the usual complex conjugate, is 
the commuting product of an ordinary space inversion with the 
substitution ¥.—-y."= Fy, the latter being identical with 
G conjugation. Thus, for the nucleon our ¥, corresponds to 
the 2X4 matrix ¥=||p|], and our y¥.% to the matrix 
—p*|, where the columns p,m and denote, 
respectively, the usual proton and neutron 4 spinors and their 
charge conjugates. The transformation group which leaves 
the free-particle equations of an isodoublet*® form-invariant 
has been found’ to be = (as a2") (Wa a") (Bs 
with quaternion parameters a, and 8,, the 2X2 matrix with 
quaternion elements, (¥. ¥4%), being equivalent, in the case 
of the nucleon, to the 4X4 matrix with scalar elements, 
¥=||p 2 n* —p*||. In terms of our preferred reality system, 
therefore, the group-space of the proper Lorentz group is seen 
to provide the underlying framework of description not only 
for the internal mixing** of an isodoublet ¥4, but also for its 
external mixing’ with its G-conjugate doublet 
i - 
NRL Quart. Nuclear Sci. and Tech., betracs SP 11-24, and SP: 1958 


FRIDAY AFTERNOON AT 2:15 
Kent Theatre 
(GEORGE TRILLING presiding) 


Invited Papers 
1. Experiments on the Electronic Conductivity of Ionic Crystals. F. C. Brown, University of 


Illinois. (30 min.) 


K2. Experimental Work on Ruby Masers. Cu1ni1ro Kixucui, Willow Run Laboratories. (30 min.) 
K3. Gyromagnetic Ratio of the Free Electron: Report on the Michigan Experiments. R. W. 


Pipp, University of Michigan. (30 min.) 


K4. Alignment of Metastable Helium Atoms by Unpolarized Resonance Radiation. PETER 


FRANKEN, University of Michigan. (30 min.) 


KS. Orientations of Atoms by Optical Pumping and Spin Exchange. Ropert Novick, University 


of Illinois. 


“On Systems for Spin 
* E. J. Schremp, Phys. Rev. 108, 1076 (1957). 
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Fripay EVENING At 6:30 
Quadrangle Club 
(J. W. Beams presiding) 


Banquet of The American Physical Society 


After-dinner speakers to be announced. 


SATURDAY MorRNING AT 9:30 
Mandel Hall 
(NoRMAN HILRERRY presiding) 


Invited Papers in Nuclear and Elementary-Particle Physics 
Ll. High-Energy Physics Programme of the Argonne National Laboratory. R. H. HILDEBRAND, 


Argonne National Laboratory. (30 min.) 


L2. Identification of Delayed Neutron Activities. G. J. Pertow, Argonne National Laboratory. 


(30 min.) 


L3. Survey of Pion-Electron Decay Experiments. H. L. ANDERSON, University of Chicago. (30 min.) 
L4. Difference in the Masses of 0; and @:. R. G. Sacus, University of Wisconsin. (30 min.) 
LS. Experimental Results on the Absorption of K-Minus Mesons in Deuterium. DonaLp MILLER, 


University of California (30 min.) 


SATURDAY MorRNING AT 9:30 
Eckhart 133 
(H. J. Lipkin presiding) 


Spins, Moments, and Allied Topics 


M1. Boltzmann Equation and Magnetic Resonance. A. 
SHER AND H. Primakorr, Washington University ——The 
equation for the time evolution of the density matrix p(t) is 
considered and from it is derived a generalized Boltzmann 
equation of the “gain-loss’’ type which however also includes 
terms proportional to the off-diagonal elements of p(t). 
Conditions are discussed for which this generalized Boltzmann 
equation reduces to the normal Boltzmann equation. The 
normal Boltzmann equation is then solved using a Laplace 
transform technique; the nature of the solutions is discussed 
in particular connection with the approach toward thermal 
equilibrium. Finally, the whole formalism is applied to the 
analysis of magnetic resonance situations, various special 
cases being treated. 


M2. Nuclear Spin of Silver-103.* W. B. Ewsank, L. L. 
Marino, W. A. NIERENBERG, H. A. SHUGART, AND H. B. 
SILsBEE,{ University of California, Berkeley—The atomic 
beam magnetic resonance method with radioactive detection! 
has been used to measure the nuclear spin of 59-min Ag’. 
The measured spin of § is consistent with a proton level 
assignment of g7/2 The isotope is produced in the 48 Mev 
alpha beam of Berkeley's 60-in. cyclotron by the (a,4m) 
reaction in 3-mil rhodium foil. The radioactive silver is evapo- 
rated with a controlled amount of stable silver carrier iuto 
the atomic beam oven by heating the rhodium to its melting 
point. This procedure is carried out in an auxiliary evaporator. 
The low field flop-in resonance for [= } has been observed at 


2.0, 4.7, and 9.4 Mc/sec. The assignment of a 47th proton to 
the gzz level contrasts with the usual »; assignment in the 
heavier odd-A silver isotopes. The measurement lends strength 
to the tentative spin assignments of Ag*™™ and Ag"? as well 
as providing some justification for the observed high spins of 
and 

* This research was supported jointly by the U. S, Atomic Energy 
Commission and the Office of Naval Research. 

t Present address: University of Washington. 
ses Teda Hubbs, Nierenberg, Silsbee, and Sunderland, Phys. Rev. 104, 

?F. A. Johnson, Can. J. Phys. 33, 841 (1955); B. C, Haldar and E. O. 
Wiig, Phys. Rev. 94, 1713 (1954). 

*Strominger, Hollander, and Seaborg, Revs. Modern Phys. 30, 585 


(1958). 
‘ Ewbanx, Nierenberg, Shugart, and Silsbee, Phys. Rev. 110, 595 (1958). 


M3. Nuclear Spin of Iodine-130.* HuGH L. Garvin, 
Tuomas M. GREEN, AND EpGaR Lipwortu, University of 
California, Berkeley—The nuclear spin of 12.6-hr iodine-130 
has been measured by means of an atomic-beam magnetic- 
resonance experiment. The I was produced in the Berkeley 
60-inch cyclotron by a (p,m) reaction on powdered tellurium 
metal. After separation by evaporation from the target 
materia}, the active iodine was mixed with natural |; carrier 
and admitted to the atomic-beam apparatus through a heated 
platinum tube which dissociated the I; molecules to form the 
atomic beam. The active beam was collected on buttons 
(vacuum-plated with silver) which were counted in continu- 
ous-flow methane proportional counters. The isotope was 
identified by means of its decay half-life and gamma energy 


spectrum. The two “flop-in” resonances, characteristic of 
the *P, electronic ground state of the halogens, were observed 
at magnetic fields of 2.86, 8.56, and 14.24 gauss. These 
measurements indicate that the nuclear spin of '* is 5. In the 
single-particle shell model of the nucleus, “‘Nordheim’s rule” 
would predict this spin value as the maximum permissitle 
value if the odd proton and neutron are in the 1gz)2 and 2dy 
levels respectively. 


* This work was done under the auspices of the U. S. Atomic Energy 
Commission. 


M4. Nuclear Spin of I**°. J. E. SHERwoop anp S. J. OVEN- 
SHINE, Oak Ridge National Laboratory—The atomic beam 
magnetic resonance technique has been used to determine the 
nuclear spin of I. The isotope was prepared by an (n,7) 
reaction on elemental I*, obtained as a fission product. 
Approximately 100% dissociation of the iodine vapor was 
obtained by superheating to above 650°C in a gold oven. Both 
observable single-quantum transitions have been detected 
at frequencies corresponding to spin 5. This is in disagreement 
with the assignment (6) based on decay studies.' 


1 R. S. Caird and A. C. G. Mitchell, Phys. Rev. 94, 412 (1954). 


MS. Dipole and Quadrupole Moments of Isomeric Radio- 
active Hg~’*; Isomeric Isotope Shift.* A. C. MELIssINos 
AND S. P. Davis, M.J.T.—The hyperfine structure (hfs) of 
five optical lines of the 65 hour radioactive Hg-197 and the 
25 hour isomeric Hg-197* atom has been measured with a 
10-in. grating in the 15th order. Radioactive Hg was produced 
by cyclotron bombardment and electrodeless discharge tubes 
with 5X10" atoms gave satisfactory results. The analysis of 
the hfs confirmed the nuclear dipole moment and isotope 
shift of Hg-197 in the J=} ground state (known from double 
resonance) (1), and gave the following values for the isomeric 
nucleus: spin J=13/2; dipole moment = — 1.037 +0.020 
nuclear magnetons; quadrupole moment 


= (+-1.507°- —0.75) x cm? 


and isotope shift in the 2537 A line (+6926) X 10-* cm (mk). 
Thus an (isomeric) shift of atomic energy levels due to the 
excitation of the nucleus, is observed, and found to be 
—22+8 mk. 

* Supported in part by the U. S. Yi-wd (S.C.), U. S. Air Force (O.S.R., 


ng S. Navy (O. 
A. C. Melissinos, Ph.D. thesis, M.I.T. Report (to be published). 


M6. hfs of the Metastable *P, States of Hg’, Hg*", Cd™™ 
by the Atomic Beam Method. W. Faust anp M. McDermott, 
Columbia University, AND W. LICHTEN, University of Chicago.— 
The atomic beam resonance method has been extended to 
precision measurement of the hfs of the metastable *P; states 
of atoms of groups II and VIII of the periodic table.! The 
following hyperfine intervals have been measured: 


Ar, Hg'®(F = = =22 666.59940,005 Mc 
ar, Hg™ (F=]F =11 382.62940.001 Mc 
Sr, = 8 629.52240.001 Mc 
dr, 5 377.49240.002 Mc 
ar, 8 232.34140.902 Mc 
Ar, =§oF=}) = 8 611.586+0.004 Mc. 


Interpretation of these results in order to obtain the 
value of hyperfine anomalies and the octupole moment of 
Hg™! awaits extension of the theory of Schwartz? to these two 
electron atoms. 

1W. Lichten and M. McDermott, Bull. Am. Phys. Soc. Ser. II, 3, 186 


(1958); Grosof, Buck, Lichten, and Rabi, Phys, Rev. Letters 1, 214 (1958). 
?C. Schwartz, Phys. Rev. 97, 380 (1955). 


M7. Nuclear Quadrupole Coupling of Al in GASH. GeraLp 
Burns, Poughkeepsie temperature dependence of 
the nuclear quadrupole coupling (eQg/k) of Al in the ferro- 
electric C(NH2)sAl(SO,4)2-6H,O(GASH) has been measured 
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between —167°C and +112°C. X-ray analysis of the iso 
morphous compound, C(NH2)sGa(SO,)2-6H,0, show that 
two nonequivalent Al sites should be on threefold axes, one 
site having twice the number of atoms as the other. In agree- 
ment with this the data indicates an axially symmetric field 
gradient for two nonequivalent Al sites, one having twice the 
intensity of the other. The temperature dependence of 
eQq/h for both sites is linear and becomes zero at different 
values of temperature. Although ne can not normally dis- 
tinguish between positive and negative values of eQ/h, it 
can be done in this case by considering nearest neighbor 
interactions as determining g and considering the atoms to 
move in a manner consistent with spontaneous polarization 
data. The slope is thus determined. The results then pass from 
negative values at low temperature to positive values at high 
temperature. The slopes and intercepts are +0.575 kc/sec°C, 
+60.6°C for the one Al site and +0.407 kc/sec°C, —52.2°C 
for the Al on the two equivalent sites. The room temperature 
results, which indicate different signs of eQg/h for the two 
different sites, are then in agreement with nearest neighbor 
calculations from the x-ray results as to sign and site and are 
also in reasonable agreement with the ratio of the values. 


M8. Temperature Dependence of the Zero-Field Splitting 
of Ruby.* L. Cross anp R. W. TERHUNE, Willow Run 
Laboratories.—The zero-field splitting of ruby has been 
measured at 4°, 77°, and 300°K, and values of 11.447, 11.460, 
and 11.495 kme were obtained. The error in the measurements 
is believed to be less than +5 kmc and to a high degree of 
approximation a linear relation with temperature is indicated. 
A large sample of ruby with approximately 0.03% Cr*** ion 
concentration was placed in a wave guide and its absorption 
was modulated at 10 cps by switching an external magnetic 
field between 0 and i00 gauss. The 10 cps signal was recorded 
using a phase sensitive detector as a traveling wave oscillator 
was mechanically scanned. This work was done as part of a 
study of ruby as a maser material. The relationship between 
these results and recent measurements of the quadrupole 
splitting in the NMR spectra of ruby' will be discussed. Also, 
examples of the paramagnetic resonance spectrum of imperfect 


crystals will be shown. 
* This work was supported b; 


the Army tract, administered beet 
+R. D. Spence (private 


M9. Orientation of Hydrogen Atoms by Spin Exchange with 
Optically Pumped Rubidium Atoms.* R. Novick anp W. W. 
HoLLoway, University of Illinois.—Hydrogen atoms have 
been oriented by spin exchange collisions with optically 
pumped rubidium atoms. This experiment is similar to one 
reported previously on the sodium-rubidium system.' In the 
present case rubidium atoms diffusing through a buffer gas of 
molecular hydrogen are optically oriented with circularly 
polarized and filtered rubidium resonance radiation. Hydrogen 
atoms are produced by a weak continuous electrodless rf 
discharge in the absorption bulb. With the discharge off, 
resonances are observed at the Rb** and Rb*’ Zeeman reso- 
nance frequencies. When the discharge is turned on an 
additional resonance is observed at the atomic hydrogen 
Zeeman frequency. The rubidium and hydrogen resonances 
have been observed over a range of magnetic field values from 
0.5 to 8.5 gauss. At the higher field values the hydrogen 
resonance splits into two components, as expected, the spacing 
of the components is in good agreement with the predictions 
of the Breit-Rabi formula. Two quantum transitions have 
been observed in the hydrogen spectrum. The dynamics of the 
spin exchange process have been studied by the method of 
adiabatic fast passage. Some evidence has been found for the 
continuous production of polarized free electrons. 


an. ‘Novick and H. E. Peters, Phys. Rev. Letters 1, 54 (1958). 
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M10. Optical Detection of Retention of Atom Polarization 
after a Single Atom-Wall Collision.* W. B. Hawkins, W. R. 
Bennett, L. Y. Coow, AND H. Rosinson, Yale University.— 
A Na beam apparatus has been used to observe relative atom 
polarization after a single atom-wall collision for surfaces of 
type-N grease, eicosane, Teflon, and copper at 300°C.! 
Results indicate that the first three surfaces are comparable in 
ability to reflect Na atoms without depolarization. Copper 
gave a lower signal-to-noise ratio and appears to cause 
considerably more depolarization. The Na beam is polarized 
by illumination with circularly polarized (sigma) resonance 
radiation chopped at a 60-cycle rate and is then allowed to 
impinge on the surface being studied. Scattered atoms are 
collimated into a beam perpendicular to the direction of 
incidence and are illuminated by sigma resonance radiation 
from a second lamp operating continuously. Detection of 
polarization retention consists in observing a 60-cycle com- 
ponent in the light scattered at 99° from the beam axis 
present only when the following conditions are simultaneously 
satisfied: (a) magnetic field coaxial with direction of incidence 
of the polarizing and monitoring lamps; (b) Na beam on; 
(c) 60-cycle chopped lamp on; (d) surface reflecting. Further 
discussion of results and a comparison of the above technique 
with other methods for relaxation study will be given. 


S. Army Signal Corps 


awkins, “‘O Pumping, Buffer Gases, and Walls,” Proceed- 
of 11th posium on Frequency Control 


M11. Longitudinal Polarization of Pm™-8.* T. Azuma, 
H, J. Satuorr, M. H. Kurpatov, J. D. Kursatov, The 
Ohio State University——The longitudinal polarization of 
Pm? betas has been observed by means of Mott scattering 
from gold. The energy resolution of the iron free electrostatic 
spectrometer used was measured as 28% at 108 kev electron 
energy. Photographs of the impinging electrons were taken 
by susbsituting film for the gold scattering foil. To detect the 
scattered electrons an anthracene crystal phototube in com- 
bination with a single channel analyzer was used. The pure 
beta emitting source was carrier free Pm” as supplied by Oak 


Sym 


M AND N 


Ridge. For gold foil of 770 yg/c,? the observed right-left 
asymmetries are 0.665, 0.818, 0.860, 0.815, 0.860, 0.875, 0.835 
for electrons of average energy 94, 104, 114, 124, 134, 144, 
154 kev, respectively. However, for gold foils of thickness 
156 pg/cm* and 84 ywg/cm? the asymmetry values observed, 
within experimental errors of 25% are 0.60, 0.66, 0.49, 0.54, 
0.40; and 0.42, 0.52, 0.69, 0.56, blank, for electrons of average 
energy 94, 104, 114, 124, 134 kev, respectively. For 197 
ug/cm? foil an asymmetry of 0.52, within 15% error at 104 kev, 
was observed. 


* This work was done under the auspices of the U. S. Atomic Energy 
Commission and The Ohio State University Research Foundation. 


M12. Spin and Parity Assignments for the 9.17-Mev 
Excited State of N“.* A. A. StRAssENBURG, R. E. HuBERT, 
R. W. Krone, anv F. W. Prosser, University of Kansas.— 
A determination of the polarization of the 9.17 Mev y rays 
from the reaction C™(p,7)N™ has been performed. This was 
done by measuring the angular distribution of proton recoils 
from the photodisintegration of deuterons in a deuterium 
soaked nuclear track plate. The plate was placed perpendicular 
to the y rays emitted at 90° with respect to the incoming 
proton beam. A preponderance of proton recoils were found in 
a direction perpendicular to the incoming proton beam. Since 
the expected distribution of proton recoils is costa around the 
polarization direction, the y rays are polarized transverse 
to the incoming proton beam. Since the anisotropy ratio 
{{7(0°)/7(90°) ]—1} is negative, this result is consistent with 
magnetic dipole or electric quadrupole radiation, but is 
definitely inconsistent with electric dipole. Preliminary 
measurements of the angular distribution coefficients indicate 
that cos‘® term is small but not zero. Further measurements 
are now being taken, and numerical results will be given. 
Since the ground state is 1*, and other measurements! give 
1*, 2+, and 2~- as possible assignments for the 9.17-Mev 
excited state, these results reduce the a to 1* or 2+. 


* Supported in part by the U. S. Atomic Energy Comm 
1F, Ajzenberg and T. Lauritsen, Revs. Modern Phys. 27 7 7 (1955) 
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(F. F. CLEVELAND presiding) 


Invited Papers 


Nl. Recent Electron-Neutrino Angular-Correlation Experiments. J. S. ALLEN, 


Beta-Gamma Angular Correlations, and the Conservation Laws in Beta 
Decay. R. M. SterFen, Purdue University. (30 min.) 


Illinois. (30 min.) 
N2. Measurements of 


University of 


Molecules 


N3. Magnetic Susceptibility and Proton Magnetic Shielding 
in Water Molecule. T. P. Das, University of Illinois, AND 
T. Guose, Saha Institute of Nuclear Physics, Calcutta, India 
(introduced by R. S. Knox).—The magnetic susceptibility 
and the magnetic shielding of protons in HzO molecule have 
been calculated by a variational method proposed and 
applied earlier! for the magnetic properties of hydrogen 
molecule. The mass susceptibility is found to be —0.6%2 x 10-6 
using a simple LCAO MO wave function in surprisingly good 
agreement with the experimental value of —0.699X10-*. 
The proton magnetic shielding is, however, found to be only 
—0.9 10-5 in rather bad disagreement with the experimental 


value of —2.97X10-*. Reasons for the disagreement will be 
discussed. An interesting conclusion as to the best choice of 
origin for proton magnetic shielding calculations in hetero- 
atomic molecules wiil also be presented. 


, J. Chem. eg 24, 1117 (1956); I. Espe, Phys. 


1J. Tillieu and J. Guy 
and R. Bersohn, Phys. Rev. 104, 849 


fev» 103, 1254 (i956); T. P. Das 

4. Rotational Distortion Corstants of Some Molecules of 
Symmetry C;,. S. SUNDARAM, Illinois Institute of Technology.— 
The techniques developed by Kivelson and Wilson! for the 
calculation of rotational distortion constants of polyatomic 
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molecules by the use of internal coordinates have been 
applied to some molecules of symmetry Cy. The partial 
derivatives of the moment of inertia tensor with respect to 
the internal coordinates of molecules of the types ZX;YW 
and CH,C=CX have been obtained by assuming arbitrary 
displacements of the atoms and utilizing molecular symmetry 
properties. Using these partia! derivatives, the elements of 
the potential energy matrices, and the molecular parameters, 
the rotational distortion constants Dy, Dsx, and Dg of 
B"H,;CO, B"D,CO, B¥D,;,CO, CD;C=CD, and 
CH;,C=CX (X=H, Cl, Br, I) have been calculated. These 
values are in good agreement with the corresponding values 
obtained by microwave investigations, thus incidentally 
providing a check on the correctness of the potential energy 
constants and the assignments of the observed Raman and 
infrared spectral data. 

1D. Kivelson and E. B. Wilson, Jr., J. Chem. Phys. 20, 1575 (1952); 
21, 1229 (1953). 

NS. Vibrational Spectra of Some Halogen Substituted 
Methanes. E. A. Piorrowskt, E. F. Drrze., R. L. Gr-pert, 
F. F. CLEveLAND, J. M. DowLtnc, anp A. G. MEISTER, 
Iliinois Institute of Technology—Raman displacements, semi- 
quantitative relative intensities, and quantitative depolariza- 
tion factors for the Raman lines, and wave numbers and 
estimated relative intensities for the infrared bands in the 
region 400-300 K (K =kayser=wave/cm) were obtained in 
the present investigation for CBrzCIF and CBrCl,F. Assign- 
ments of observed bands were made and reasonable sets of 
potential energy constants were determined by use of the 
Wilson FG matrix method for CBr:CIF and CBrCl,F. Also 
normal coordinate treatments were carried out for CH;I and 
its three deuterated isotopes. As a check on the correctness 
of the potential function, the rotational distortion constants 
for CH;I and CD,I were computed. The calculated values 
compare favorably with the observed microwave values. 
Finally, the thermodynamic properties—heat content, free 
energy, entropy, and heat capacity—were calculated from 
the spectral and structural data for 11 temperatures from 
100 to 1000°K for CBr;CIF, CBrCl,F, CH;DI, and CHDgl. 


N6. Pure Rotational Raman Spectra of C,H, and C.D, and 
the Structure of the Ethylene Molecule. J. M. DowLinG* anpD 
B. P. Stotcuerr, National Research Council, Canada.—The 
pure rotational Raman spectra of ethylene and ethylene-d,, 
were photographed in the second order of a 21-ft grating 
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(linear dispersion 6.75 cm~ per mm. at 4358 A). The spectra 
were excited by Hg 4358 A and a pressure of 4 atmos was 
used in the Raman tube. Both spectra were resolved and ana- 
lyzed yielding the following ground-state rotational constants: 
Ao(CsH,) =4.8282-0.009 =1.0012+0.0009 
em™, Co(CsH,) =0.8282+0.0004 cm, Ao(C:D,) =2.432 
+0.008 cm™, Bo(C2D,) =0.7369+0.0012 and Co(C2D,) 
=0.5630+0.0006 cm. The analysis was carried out on the 
basis of a nonrigid asymmetric top. The structural parameters 
obtained from these rotational constants are ro(C-H) = 1.086 
+0.003 A, ro(C =C) =1.33940.002 A, and 7 H-C-H =117°34’ 
+30’. 


* N.R.C. Postdoctorate Fellow. 


N7. Molecular Structure and Vibrational Spectra of Alkali 
Halide Dimers.* JoserpH BERKOWw!Tz, Argonne National 
Laboratory.—The molecular structure and infrared active 
vibrational frequencies of alkali halide dimer molecules have 
been calculated, assuming an ionic model similar to that used 
for alkali halide diatomic molecules and crystals. The results 
of the calculation provide further evidence for the presence 
of large concentrations of lithium halide dimers. The previous 
identification of infrared bands with monomeric alkali halides 
is verified and several alternatives are then suggested for the 
absence of dimer bands. Some inconsistencies in the dimeriza- 
tion energies obtained from molecular beam studies also be- 
come apparent by this treatment. 


* Work performed under the auspices of the U. S. Atomic Energy 
Commission. 


N8. Diffusion in Ethylene Polymers. IV. Davin W. 
McCatt, Dean C. DouGLass, AND Ernest W. ANDERSON, 
Bell Telephone Laboratories, Inc.—Self-diffusion coefficients 
have been measured for two low molecular weight fractions 
(M,, =4100 and 5800) of a linear polyethylene. The activation 
energy for the M,=4100 fraction is 5.3 kcal/mole which is 
near the value 5.6 kcal/mole found for n-Cyz:He. At 150°C, 
for this fraction, D = 1.6 cm?/sec and as is near the 
lower limit of detectability the activation energy is probably 
not accurately determined. The diffusion coefficient for the 
M,=5800 fraction is 1.1X10-7 cm*/sec at 150°C. These 
results, combined with previous results, show that D = Cn-*/* 
where D is the coefficient of self-diffusion for the normal 
paraffin C,Heays. C is a constant at a given temperature, 
4.5X10-* cm*/sec at 200°C and 2.510-* cm/sec at 150°C. 


SATURDAY MORNING AT 9:30 
Social Sciences 122 
(C. J. OvERRECK presiding) 


General Physics 


Pl. Computation of Electron Drift Velocity in Gases.* 
J. C. Bowe, Argonne National Laboratory—The general 
agreement attained in the experimental determination of 
drift velocity in purified nitrogen and noble gases by different 
investigators makes the calculation of this quantity especialiy 
interesting. Such a calculation can provide a test for the 
experimental scattering data and for the theory which relates 
these data to the drift velocity. Calculations were made, 
using the Argonne IBM 704 digital computer, for nitrogen, 
helium, neon, and argon in the region of elastic collisions 
taking the kT motion of gas molecules into consid*ration. The 
transport cross section measurements of Brown! and those 
computed by Barbiere? and by Graham and Ruhlig* from 


experimental scattering data were used in these calculations. 
The values obtained in argon and neon are in good agreement 
with experiment, but for nitrogen the agreement is poor. For 
helium, the assignment of 28+2 cm™ to the transport cross 
section in the energy range 0-4 ev leads to good agreement. 

* Work performed under the auspices of the U. S. Atomic Energy 
Commission. 

1S. C. Brown ef al., Phys. Rev. 84, 559 (1951); Phys. Rev. 95, 897 (1954). 


? D. Barbiere, Phys, Rev. 84, 653 yest, 
2 W. J. Graham and A. J. Ruhlig, Phys. Rev. 94, 25 (1954). 


P2. Electron Mobility in a Partially Ionized Gas. MaueEn- 
DRA SINGH SopHA, Armour Research Foundation (introduced 
by M. Steinberg).—Hall and drift mobilities of electrons in a 
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partially ionized gas have been investigated, taking into 
account the scattering by ions, neutral atoms, and other 
electrons. Results have been presented for different mean 


ionic charges. 


P3. Probe and Circuit Measurements in a Glow Discharge 
with a Parallel Plate Cathode. B. PEarson DELANY AND PAUL 
L. CopELann, Illinois Institute of Technology.—With a probe, 
used in the manner introduced by Langmuir and Mott-Smith,! 
between the parallel plates of a cathode like that of von Engel 
and Steenbeck,? studies of the glow were made. In our experi- 
ments spacing between two parallel disks of the cathode was 
varied. Representative data are reported for disks 73 mm in 
diameter separated by 45 mm with argon gas at various 
pressures. In the characteristic phenomena occurring at 
pressures between 150 and 400 microns the probe measure- 
ments gave evidence of the formation of plasma between the 
plates. Current through the tube at a given potential difference 
between anode and cathode is very much increased by 
repeated passes of electrons through this plasma. The potential 
difference required to establish the glow is not much changed 
by, the double cathode structure. At lower pressures the 
breakdown potentials are lowered and the currents are 
increased by the double cathode, while at higher pressures 
the structure becomes ineffective. 


11, Langmuir and H. Mott-Smith, Jr., Gen. Elec. Rev. 26, 731 (1923 
(Springer, Berlin, 


Steenbeck, Elektrische "Gasentladungen 
1934), Va p. — 


P4. Sputtering of Germanium in Rare Gases. N. LAEGREID 
AND G. WEHNER, General Mills—Sputtering yields for poly- 
crystalline germanium under Xe*, Kr*, Ar*, Ne*, and He* 
ion bombardment in the energy range from 30 to 1000 ev are 
presented. The measurements were made by determining the 
weight loss from targets which are immersed like large 
negative Langmuir probes in a low-pressure rare gas plasma 
of high density. In one method the plasma is generated in a 
demountable, hot-cathode, low-voltage discharge tube, in 
another method the rare gas plasma is generated in a Hg pool 
type chathode discharge with the Hg gas pressure kept below 
~0.1 micron and the rare gas pressure above ~5 micron. 
Results from both methods agree fairly well for those rare 
gases which have a low ionization potential. At 300-ev ion 
energy the yields range from 0.06 atom/ion for He* to 0.75 
for At. The curves are discussed in terms of the ion parameters. 


* Work partly supported by Office of Naval Research contract. 


P5. Electroluminescence in AIN. G. A. WoLFrr anp I. 
Apams, U. S. Army Signal Research and Development Labo- 
ratories—Red, blue, and green luminescence is observed in 
AIN when dc or ac is applied to the powdered material placed 
between conducting glass and a metal base. The color of the 
luminescence depends upon doping agents and doping tem- 
perature. The red emission consists of a narrow band at 6000— 
6200 A, while the blue luminescence shows, in addition to the 
red band, a strong emission in the region between 4000 and 
5000 A. The green emission consists mostly of a broad band 
between 5000 and 6000 A. The luminescence intensity ap- 
proaches that of other known luminescent materials. With ac, 
voltage and luminescence intensity are in phase; with dc, the 
light is emitted in the vicinity of the cathode and its intensity 
decreases with time. This behavior is explained by polarization 
and by the presence of a barrier at the cathode. The material 
prepared is not readily attacked at elevated temperatures in 
the presence of reactive agents, such as chlorine and oxygen. 


P6. Valence—»3p Emission Spectrum of Iron.* T. J. PETER- 
son, D. E. Bevo, anp D. H. ToMBouLian, Cornell University. 
—The intensity distribution of the M2,3(valence—3p) emission 
band of iron was studied photometrically in connection with 
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a sequential investigation of the valence band spectra of the 
metals belonging to the 3d transition group. As in the case of 
the elements reported upon previously,'? the characteristic 
band is superimposed on a rather intense continuum emitted 
by the target. The procedure followed in removing the effect 
of this background will be described. A preliminary considera- 
tion of the IJ(E)/»* distribution shows that the composite 
Mz,; band has a peak at 51.3-ev (242 A) and an energy spread 
of 13 ev excluding satellite structure. An attempt was also 
made to obtain the individual Mz and M; intensity distribu- 
tions on the basis of certain assumptions. These distributions 
will be compared with previous absorption measurements* 
carried out in the vicinity of the corresponding edges. 


tp: m gent by the Office of Ordnance Research, U. S. Army. 
(1987). D. E. Bedo, Bull. Am. Phys. Soc. Ser. Ti, 2, 339 


(eae a Bedo and D. H. Tomboulian, Bull. Am. Phys. Soc. Ser. II, 3, 192 
* Tomboulian, Bedo, and Neupert, J. Phys. Chem. Solids 3, 282 (1957). 


P7. Effect of Unimolecular Decay Kinetics on the Inter- 
pretation of Appearance Potentials.* Wittiam A. CHupKa, 
Argonne National Laboratory.—The intensities of the parent, 
fragment, and metastable ions produced by photoionization 
of n-propylamine, #-propanol, and methyl ethyl ketone are 
studied as a function of photon energy. The excess kinetic 
energies of the fragment ions are found to be negligibly small. 
The data are interpreted in terms of Rosenstock’s quasi- 
equilibrium theory of unimolecular decomposition and indicate 
that the theory is qualitatively correct for the dissociative 
processes investigated. However, the theory is shown to be 
quantitatively inadequate at least in the energy range near 
threshold. In this region the rate constant for dissociation 
varies much more rapidly with energy than the theory 
predicts. Some of the assumptions of the theory are examined 
and compared to deductions from the data. The meaning of 
appearance potential data is examined in the light of these 
results. The effects of both the kinetics of dissociation and of 
internal thermal energy on ionization efficiency curves are 
significant. Most of the methods used to determine appearance 
potentials tend to minimize these effects and there is probably 
some cancellation of errors. A new method for the determina- 
tion of appearance potentials is described. 


* Work performed under the auspices of the U. S. Atomic Energy 
Commission. 


P8. Hydraulic Surges and the Flow of Blood. Harry 
LoBEL, Creighton University.—The propagation of a wave in an 
elastic tube has a fixed celerity. This is a function of the 
rigidity of the conduit. The greater the rigidity, the greater 
the celerity. The propagation time of a wave is also fixed. 
This is a function of the celerity and of the length. Thus, a 
conduit, with a celerity of twenty feet, and a length of four 
feet, would have a propagation time of one-fifth second. If 
this conduit were coupled to a piston pump with a systolic 
(ejection) time of one-fifth second, then the systolic time and 
the wave-propagation time would be the same. This conduit 
would be in resonance with the systolic stroke of the pump. 
Thus, the systolic portion of a resonant wave corresponds 
with the conduit both in time and in length. In resonance, the 
pressure is minimum for a given flow; for the same flow in 
dissonance, the pressure is hypertensive. Therefore, dissonance 
contributes to stress. There are indications that the circulation 
is normally resonant, but in hypertension, becomes dissonant. 
There is no way to correlate energy with work, stress with 
strain, or pressure with flow; also, no theory of arterial failure 
is rational—without the determination of dissonance. 


P9. The Velocity of Sound in Liquid-Gas Mixtures.* 
HEnry B. Karp.us, Armour Research Foundation (introduced 
by L. Reiffel).—The velocity of sound in a liquid gas system 
depends on gas concentration, pressure, and the nature of the 
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gas. For permanent gases the velocity-concentration function 
is continuous, having a minimum at 50% volume concentra- 
tion. For water containing air bubbles this minimum value is 
20 m/sec at atmospheric pressure rising to 100 m/sec at one 
percent and 99% concentration and on up continuously to 
1500 m/sec and 340 m/sec in pure water and air, respectively. 
In a liquid containing bubbles of its own vapor the velocity 
of sound changes discontinuously from mixture to pure liquid 
and from mixture to pure gas. The lowest value occurs as the 
vapor concentration approaches zero. For water at atmos- 
pheric pressure this is about 1 m/sec. The velocity rises 
monotonically with increasing steam concentration to 405 
m/sec and then changes discontinuously to 471.5 m/sec in 
dry steam. This discontinuous change of the velocity of sound 
in steam from a condition of very small water content to very 
small superheat explains the divergence of various experi- 
menters. It is suggested that future editions of the AJP 
Handbook, the Handbook of Chemistry and Physics, and the 
Smithsonian tables point out that the value there given as 
405 m/sec applies to wet steam and that they also give the 
velocity of sound in dry steam (471.5 m/sec). 


* This work was supported by the U. S. Atomic Energy Commission. 


P10. Evaporation into a Boundary Layer. II. Dissociation in 
Evaporation. ERNEsT BAUER AND MARTIN ZLOTNICK, Avco.— 
The rate of evaporation of a wall material BO into the 
boundary layer produced by air flowing across its surface is 
examined. In particular, we consider the case of the wall 
material dissociating into B and O in evaporation, in extension 
of earlier work' that did not consider dissociation. The result 
is similar to that obtained previously, though it holds under 
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more restrictive conditions: in the (physically reasonable) 
case of a “catalytic” wall, diffusion rather than evaporation 
limits the rate of mass loss in a continuum flow. 


1 E. Bauer and Phys. Fluids, 1, 355 (1958); see also Bull. 
Am. Phys. Soc. 1958). 


P11. Use of the Solar Furnace as an Intermediate Imaging 
Source for Attaining Extreme Temperatures for a Short 
Time. W. M. Conn* anv E. W. Deec.t—Work previously 
reported! on the combination of exploded wires and the 
electric arc for preheating the material to be exploded was 
continued. It was established that, though an increase of the 
temperature can be attained, the interference of the electro- 
magnetic field and the steep temperature gradient which are 
due to the arc cause disturbance of the characteristics of the 
explosion. Next, the combination with an imaging source 
from a carbon arc plus two paraboloidal mirrors was tried, but 
abandoned since the intermediate or preheating temperature 
could not be sufficiently controlled. The use of solar energy in 
an intermediate imaging furnace offers advantages in the 
explosion of both electronic and ionic conductors: freedom 
from electromagnetic disturbance, absence of polarization, 
and coverage of a rather extended area the temperature of 
which can be exactly adjusted by appropriate control devices.* 
A solar furnace in fixed position with heliostat or, better, 
coelostat arrangement of mirrors seems to offer greatest 
promise. 

*At present Max Planck Institut fir Silikatforschung, Wuerzburg, 


y- 
t+ Max Planck Institut fir Silikatforschung. 
1W. M. Conn, Z. Naturforsch. 13a, 355 (1958). 
2 W. M. Conn, Z. angew. Phys. 6, 284 (1954). 


M. Ziotnick, 
. IL, 3, 267 ( 
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Irradiation Effects: Semiconductors, I 


Ql. Disordering of Polyatomic Solids.* E. M. Baroopy, 
Battelle Memorial Institute-—Methods used earlier’ to investi- 
gate the influence of mass ratio on displacement cascades in 
compounds of type AB have been applied to solids of any 
composition. When isotropic scattering and a single threshold 
energy for displacement are assumed, explicit expressions are 
obtained for the total number of atoms displaced by a high- 
energy primary knock-on in terms of mass ratios and parame- 
ters ue which represent the probability that a moving i atom 
hits a & atom in its next collision. These probabilities are 
determined mainly by concentrations of the atoms and 
scattering cross sections ej. In diatomic solids the production 
of displacements depends on A=4M,M:2/(M,+M,)? and 
tun). It is usually about the same as for a 
monatomic solid, but when A is small and « near unity if falls 
to low values. The introduction of different threshold energies 
for various kinds of atoms is being studied. 

* This research was supported in whole or in part by the U. S. Air Force, 
monitored by the Aeronautica! Research Laboratory, Wright Air Develop- 


ment Center. 
1E. M. Baroody, Bull. Am. Phys. Soc. Ser. 1s. 2, 355 (1957). 


Q2. On the Energy Levels in Neutron-Irradiated p-Type 
Silicon. C. A. KLEIN anp W. D. Srraus, Raytheon Manu- 
facturing Company.—High-resistivity p-type silicon samples 
were irradiated in the Brookhaven pile for short periods of 
time resulting in integrated fast-neutron fluxes of the order of 


a few 10" n/cm?*. Hall coefficient and conductivity measure- 
ments were performed over extended temperature ranges. A 
detailed analytical investigation of these data provides 
evidence for at least two bombardment-induced hole trap 
levels in the lower half of the energy gap. The deep trap, at 
0.289 ev from the valence band (zero-temperature position), 
is introduced at a rate which appears to be proportional to 
the integrated flux. It has been further established that for 
this level the product of the statistical weight factor y by the 
temperature-shift factor exp(a/k) is practically equal to one. 
(y is defined as twice the ratio of the statistical weight of the 
empty trap to that of the filled hole trap.) The significance of 
this result in terms of defect concentration and defect char- 
acteristics will be discussed. The shallow trap, at 0.159 ev 
from the valence band (zero-temperature position), appears 
to be introduced at a somewhat higher rate than the deep 
trap, but is not yet as fully describable. 


reported by G. K, Wertheim [Bull, Am. Phys. Soc. Ser. II, 3, 142 (1958). 


Q3. Gamma Irradiation of N-Type Silicon. E. SonDER AND 
L. C. TempLteton, Oak Ridge National Laboratory.*—Phos- 
phorous-doped silicon has been irradiated at room temperature 
in a Co® +-ray source. Hall effect measurements indicate a 
decrease of current carrier density below 200°K, which may 
be accounted for by the introduction of a vacant level in the 
neighborhood of 0.16 ev velow the conduction band. The 
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introduction rate in an originally 12 ohm-cm specimen is 
1.0X10-* level photon. There is no evidence of any change in 
introduction rate for irradiation of up to 2X10* roentgens 
(4X10" trapping levels). Analysis of the ionization kinetics 
of the vacant level shows that the level may be as low as 0.20 
and as high as 0.12 ev below the conduction band, depending 
upon the assumptions made concerning its degeneracy and 
the temperature dependence of its ionization energy. Some 
evidence will be given that might indicate that the level in 
question may not be a simple, single level. 

*Oak Ri National Laboratory is operated by the Union Carbide 
Corporation for the U. S. Atomic Energy Commission. 

Q4. Fast Neutron Irradiation of Zinc Oxide Single Crys- 
tals.* Ropert H. BRAGG aND Maurice Scott, Armour 
Research Foundation.—Preliminary in-pile irradiations have 
been made on zinc oxide single crystals using the Armour 
Research Foundation Research Reactor. The conductivity of 
crystals having initial conductivities of 0.01, 0.1, and 0.3 
ohm cm was measured as a function of fast neutron flux 
up to 10'5 nvt. The conductivity decreased in all cases, the 
rate of decrease being highest for the crystal having the 
highest conductivity. Assuming a mobility of 180 cm?/volt sec 
the initial rate of carrier removal was about 3, 14, and 16 
carriers per incident fast neutron. Conductivity measurements 
in the temperature range 25-125°C showed a small positive 
temperature coefficient prior to irradiation. After 10'* nvt the 
temperature coefficient was significantly more positive. The 
irradiated crystals have a yellowish-brown color similar to 
crystals having a large zimc excess, but decrepitate when 
heated accompanied by a strong evolution of gas, presumably 
oxygen bubbles. Trapping effects are observed but seem to be 
most prominent in unirradiated crystals. 


* This work supported Wright Air Development Center, Wright- 
Patterson Air Force Base, Ohio. 


Q5. Hall Effect in Semiconductor Rings. Ropert G. Pout. 
Armour Research Foundation—A new method of measuring 
the Hall effect permits determination of carrier mobility 
independently of the conductivity. A ring shaped sample is 
placed in an alternating magnetic field perpendicular to the 
plane of the ring. The consequent circular electric field 
produces a current around the ring proportional to the time 
derivative of the magnetic field. This current interacts with 
the magnetic field, establishing a Hall voltage between the 
inner and outer radii of the annulus. For extrinsic semi- 
conductors with single effective mass charge carriers, this 
Hall voltage is, in mks units, 

pwB (b* —a*) sin2wt 
Vu 8 
where yu is the mobility, w the field angular frequency, Bo the 
peak value of the magnetic field, b the outer radius, and a the 
inner radius. Experimental measurements on a germanium 
ring agree precisely with the equation above. Additional data 
on silicon, indium antimonide, and copper rings will be 
presented. 


Q6. Gas Etching and Its Effect on Semiconductor Surfaces. 
J. G. Guattiert, M. J. Katz, anp G. A. Woi#r, U. S. Army 
Signal Research and Development Laboratories.—Silicon and 
germanium have been etched preferentially at elevated tem- 
perature in the halogens, hydrogen halides, oxygen, and 
sulfur. Also, germanium was etched in CO», HO, and GeCl, 
ambients. Results of the reactions of germanium, diamond, 
and GaSb with other gaseous ambients are also described. 
Analysis by the light figure method! revealed that the attack 
of the halogens differed from the attack of the other etchants. 
An explanation is offered in terms of the chemical specificity 
arising from differences in atomic arrangement of the surface 
planes. It was shown recently? that for chemically “clean” 
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surfaces of silicon or germanium the atomic arrangement 
differs from that in the bulk. The present work supplied 
evidence in addition to that presented by Farnsworth et al. 
that the formation of surface compounds during etching with 
oxygen or sulfur regenerates a “normal” surface structure. 
When the etching reaction was followed by a slow evaporation 
of the resulting dihalides or monochalcogenides, a surface film 
was formed which prevents further attack. 
! Wolff, Wilbur, and Clark, Z. Electrochem. 61, 101 (1957). 


?R. E. Schlier and H. E. Farnsworth, Bull. Am. Phys. Soc. Ser. II, 3, 
30 (1958); G. A. Wolff and J. D. Broder, Acta Cryst. 10, 848 (1957). 


Q7. Magnetic Field Dependence of the Hall Coefficient in 
Silicon.* F. J. Reid, A. C. Beer, anp R. K. WILLARDSON, 
Battelle Memorial Institute-—The Hall coefficients of p-type 
silicon specimens having Roe values at 77°K ranging from 
10 000 to 18 000 cm?/volt-sec were measured as a function of 
magnetic field at fixed temperatures ranging from 50 to 300°K. 
Two types of behavior were observed, depending on the degree 
of impurity scattering present. The first case is characterized 
by a Hall coefficient which increases with H from the weak- 
field plateau, goes through a maximum, and approaches the 
strong field limit.1 The magnitude of the maximum is in- 
fluenced by impurity scattering. The second case, occurring 
when impurity scattering is sufficiently small, exhibits Hall 
coefficient values which decrease from the weak-field plateau, 
analogous to p-type germanium. The observations are con- 
sistent with theoreticai psedictions assuming a warped heavy- 
mass band.* The differences between the two cases result 
principally from the effect of impurity scattering on the | 
mobility in the light-mass band. It was found that heat- 
treatment at 550°C converted a specimen from characteristic 
II to characteristic I. Annealing at 250°C restored the original 
behavior. 

* Work supported in part by the Electronics Research Directorate, Air 
Force Cambridge Research Center. 


1 Reid, Beer, and Willardson, Hull. Am. Phys. Soc. Ser. II, 3, 101 (1958). 
2A. C. Beer and R. K. Willardson, Phys. Rev. 110, 1286 (1958). 


Q8. Hall Coefficient and Magnetoresistance in Semi- 
conducting Diamond.* R. T. Bate anp R. K. WILLARDSON, 
Battelle Memorial Institute-—The Hall coefficient and trans- 
verse magnetoresisiance of two type II-b semiconducting 
diamonds! (p-type) were measured as a function of magnetic 
field from 500 gauss to 20000 gauss at fixed temperatures 
between 0°C and 100°C. These diamonds have Re values of 
about 800 cm?/y-sec at room temperature. The Hall co- 
efficient increases monotonically with increasing field, the 
total variation being about 10%. This behavior is similar to 
that which has been reported for p-type silicon at liquid 
nitrogen temperature, and it suggests a warped valence band. 
The transverse magnetoresistance is proportional to H? at low 
fields, but deviates from this behavior at fields above 4000 
gauss. When impurity scattering is taken into account, the 
magnetoresistance is too large to be consistent with a spherical 
band model but can be explained if a warped valence band is 
assumed. A warped band is also suggested by the longitudinal 
magnetoresistance which is about } the transverse value.? 

* This research was supported by the U. S, Air Force, through the Office 
of Scientific Research of the Air Research and Development Command. 


1J. F. H. Custers, Physica 18, 489 (1952). 
2 P. T. Wedepohl, Proc. Phys. Soc. (London) B70, 177 (1957). 


Q9. Nonequilibrium Field Effect in Germanium at Low 
Temperatures.* P. C. Bansury, D. Caykovski, Physics 
Department, University of Reading, England, anv J. D. 
Nixon, Department of Physics, Western Reserve University 
(introduced by J. K. Major).—The 50-cps large signal field 
effect has been studied in germanium at temperatures down 
to 170°K. The display of conductance vs induced charge gives 
curves similar to those reported by Montgomery and Brown.! 
The phenomenon may be regarded as an anomalously large 
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decrease in conductance which occurs as the barrier is swept 
from an accumulation layer to an inversion layer condition, 
and which disappears under low levels of iliumination. In our 
investigations on m and p materials, field effect mobilities have 
been observed in the anomalous region closely approaching 
the bulk mobility of the majority carrier, indicating that no 
fast surface state screening occurs in this condition. The 
effect may be associated with the low thermal generation rate 
of minority carriers. 


* Research supported by Admiralty, the British Council, and the U. S. 


C. Montgomery and W. L. Brown, Phys. Rev. 103, 865 (1956). 


Q10. Trapping Lifetime and Spin-Lattice Relaxation of 
Photvexcited Conduction Electrons in Silicon.* A. HoniG, 
Syracuse University——The spins of electrons bound to the 
impurity atoms in nondegenerate n-silicon can relax to the 
Boltzmann distribution by means of electron exchange with 
the conduction electrons! At liquid helium temperatures, 
electrons can be excited into the conduction band with infrared 
radiation. By measuring the time for the bound spins to relax 
to the Boltzmann distribution as a function of the number of 
photons absorbed per sec per cm, one can obtain the electron’s 
lifetime against trapping, provided the conduction electron 
spin-lattice relaxation time, rs_1°, is known. Such a deter- 
mination of trapping lifetime was made,? using for rs_.° the 
value obtained from the line width in a degenerate phosphorus 
doped silicon sample. Recent experiments on nondegenerate 
phosphorus doped silicon samples of varying donor concentra- 
tion and degree of compensation indicate that rs_x° of the 
photoexcited electrons depends on the number of impurities 
and is considerably shorter than rs_1° of electrons in low 
concentration degenerate samples. Using the rs_1° obtained 
from these experiments, one finds trapping times shorter than 
those previously reported,? and comparable to the lifetimes 
in germanium reported by Koenig. 

* Supported in part by the U. S. Air Force Office of Scientific Research 
of the Air Research and Development Command and by a grant from the 
Research Corporation. 


1 Pines, Bardeen, and Slichter, Phys. Rev. 106, 489 (1957). 
2A. Honig, Kamerlingh Onnes Low Temperature Conference (1958). 


Parallel Photoelectromagnetic Effect. A. 
RCA Laboratories.—A variant of the customary PEM effect is 
described, in which the short-circuit current is proportional to 
the difference in surface recombination velocities of a pair of 
surfaces. The surfaces are the xs planes of a slab which is 
illuminated in the z direction in the presence of a magnet*c 
field in the same direction. In addition to the primary diffusion 
of the generated carriers along the z direction there ensues a 
secondary flow in the transverse x direction. If the boundary 
conditions at the two xz planes are not identical, there would 
result a net flow of carrier pairs toward one of these surfaces. 
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The magnetic field H, will deflect these carriers, and a net 
short circuit current will pass in the y direction. This method 
affords a means of - »bing the surfaces from the interior of 
the sample. The an..ysis of the effect and its experimental 
observation will be presented. 


Q12. Electrical Effects of Dislocations. D. A. KLEINMAN 
anD R. A. LoGan, Bell Telephone Laboratories.—Recent 
experiments! have confirmed the essential correctness of 
Read’s* theory of the mobility and Hall effect in semi- 
conductors containing parallel edge dislocations. We have 
reconsidered the theory more carefully in order to show that 
the Hall coefficients which it predicts are in agreement with 
the requirements of the Onsager reciprocal relations for the 
resistivity tensor. If the magnetic field is perpendicular to the 
current and to the dislocations, the Hall coefficient must be 
independent of the angle between the current and the dis- 
locations. The proof that the theory gives this result rests 
upon an unusual identity we have discovered satisfied by 
two functions defined by Read in terms of definite integrals. 
The discussion is based on an exact solution of the transport 
equation to orders Z and EH. Ideas wi!l be advanced on the 
nature of the distortion effect for very large dislocation 
densities. 


2W. T. Read, Phil. Mag. 46, 111 (1955). 


Q13. Pulsed Field Effect for Measurement of Capture 
Cross Section of Surface and Bulk States in Semiconductors. 
GeorG RupprRecut, Raytheon Manufacturing Company (in- 
troduced by Luther Davis).—The pulsed field effect has been 
developed for the measurement of capture cross sections of 
majority carriers in surface states and bulk levels. The quasi- 
Fermi level is shifted in such a way (by application of a pulse 
to the field plate in a field-effect experiment) that the level in 
question previously filled has to empty in order to reach 
equilibrium again. Since the emptying process occurs by 
thermal excitation the generation rate can be determined. 
This is achieved by evaluating the transient behavior of the 
conductance of the sample caused by a change of the space- 
charge region close to the surface. The generation rate can be 
connected with the recombination rate by applying detailed 
balance. Thus, the capture cross section can be calculated. 
Since pulsing shifts the quasi-Fermi level in the bulk close to 
the surface as well as on the surface itself, both surface states 
and bulk states contribute to the transient behavior of the 
conductance. However, a discrimination between the contri- 
bution of surface states and bulk states can be achieved by 
variation of the applied pulsed voltage. This will be demon- 
strated by experiments with gold-doped germanium. 


SATURDAY AFTERNOON AT 1:30 
Oriental Institute 
(A. W. Lawson presiding) 


Semiconductors, II 


Rl. Transport Phenomena in Nondegenerate Semi- 
conductors Considering Electron-Electron Scattering. MAHFN- 
DRA SINGH SoDHA, Armour Research Foundation, AND YATEN- 
DRA PaL VARSHNI, University of Allahabad (introduced by 
M. Steinberg).—Hall mobility and other transport properties 
of the electrons in n-type of semiconductors have been in- 
vestigated when a magnetic field is applied, taking into 


account-electron scattering. Results have been presented for 
different impurity densities. 


R2. Inversion of Hall Coefficient in p-Type InSb at High 
Electric Fields. M. C. STEELE anp M. Giicksman, RCA 
Laboratories.—Previous measurements! of the current- 
voltage relationship and the Hall effect in n-type indium 
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antimonide have shown that the electrons will produce 
electron-hole pairs in high electric fields (appreciable numbers 
at fields larger than 150-200 v/cm). These observations, using 
pulse techniques, have been extended to p-type indium antimo- 
nide at 77°K. For crystals with hole concentrations p ~5 X 10'* 
cm, the Hall coefficient reversed sign at electric fields 
greater than about 150 v/cm. This value varied somewhat for 
different crystals. For a semiconductor with electron concen- 
tration m, and ratio of electron to hole mobilities 6, the Hall 
coefficient is given approximately by 


@n-p) 


In indium antimonide at 77°K, b will depend on the amount 
of impurity scattering but is estimated to be about 25 for 
these crystals. Thus the reversal corresponds to the production 
of about 8X10" cm™ electron-hole pairs. It is possible that 
these are produced by the small number (%)~105 cm™) of 
electrons initially present, determined principally by back- 
ground radiation. 
1M. Glicksman and M. C. Steele, Five. Rev. 110, 1204 (1958). 
nternational Conference on 


2M. C. Steele and M. G 
conductors, Rochester, New York, (1958). 


Semi- 


R3. Plastic Bending of InSb.* J. J. Duca, Battelle Memorial 
Institute-—The electrical properties of plastically deformed 
high-purity single crystal InSb are shown to be strongly 
dependent on the mode of deformation. Whereas the results 
obtained with uniaxial compression indicated that ionized 
vacancies and interstitials were created in nearly equal 
densities,' plastic bending introduces effects of an entirely 
different nature. The electrical properties of bent specimens 
show that acceptor levels are introduced according to the 
model of Shockley and Read. The temperature dependence of 
the mobility due to the charged dislocation centers indicates 
pna~T~ with 5 less than one in the temperature range where 
the fractional occupancy of dislocation sites is a maximum. 
As T increases trapped electrons are excited from the dis- 
locations and ya increases monotonically, a result of the de- 
creased scattering potential. Effects of deformation are also 
reflected in the magnetic field dependence of the Hall coefficient 
and in the transverse magnetoresistance. The magnitude of 
Ro/Rmin, Where the subscripts refer to the zero-field limit and 
to the minimum value of Rg, is quite large. This could be 
interpreted as arising from an increased density of ionized 
scattering centers—an explanation which is consistent with 
the model assumed. 


* Supported by the Office of Naval Research. 
1 Duga, Maringer, and Beer, Bull. Am. Phys. Soc. Ser. II, 3, 106 (1958). 


R4. Variation of Electron Mobility with Electric Field 
Strength in InSb and the Influence of a Strong Magnetic 
Field. R. J. SLADEK AND FISCHER S. BLACK, JR., Westinghouse 
Research Laboratories—Measurements of the electrical re- 
sistivity of n-type InSb have been made as a function of dc 
electric field strength at temperatures between 90°K and 
1.5°K. Departures from Ohm’s law were found at very low 
electric fields. The mobility obeys the relation 4 =y0(1+8E*), 
where yo is the Ohm’s law mobility and E is the electric field 
strength. The parameter 8 depends on the scattering me- 
chanisms which determine the momentum and energy loss 
rates of the electrons and on the degree of degeneracy of the 
electron energy distribution. The sign of 8 depends on whether 
the momentum relaxation time increases (8>0) or decreases 
(8 <0) as electron energy increases. At liquid hydrogen and 
liquid helium temperatures 8 >0 as is to be expected when the 
mobility is limited by ionized impurity scattering. Between 
90°K and 65°K, 6<0 in sufficiently pure samples. In this 
case we have been able to change 6 from negative to positive 
by applying a strong longitudinal magnetic field. This can be 
accounted for qualitatively by the theoretical result! that in 
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the quantum limit the momentum relaxation time increases 
with electron energy. The value and temperature dependence 
of 8 in various samples for the cases of zero or strong magnetic 
fields will be discussed. 


1 P, N. Argyres and E. N. Adams, Phys. Rev. 104, 900 (1956). 


RS5. Magnetoresistance in Gallium Arsenide.* R. K. 
WILLARDSON, Battelle Memorial Institute---The transverse 
magnetoresistance in n-type gallium arsenide has been studied 
as a function of impurity concentration and density of defects 
introduced by fast neutron irradiation. Measurements were 
made at fixed temperatures between 55 and 300°K and for 
magnetic fields ranging from 1000 to 20 000 gauss. The data 
have been compared with theoretical predictions based on 
mixed scattering and a spherical energy surface model. A 
relaxation time for lattice scattering varying with energy as 
E+ and an impurity scattering relaxation time varying as E*!# 
were used. The lattice mobility was taken as 11 500 cm*/volt- 
sec at 300°K. In the region where the impurity scattering 
parameter 8(8=6uz/u:;) was between 0.5 and 10, excellent 
agreement was obtained between the experimental and the 
calculated values for magnetoresistance and Hall mobility. 
At large values of 8(8>30) the Hall mobility is larger than 
predicted and the magnetoresistance is lower than expected. 
The magnetoresistance varies as the square of magnetic field 
for values of wr <1. The deviation from an H? dependence at 
large magnetic fields is less than predicted by simple mixed 
scattering theory, which does not consider optical mode 
scattering or electron-orbit quantitization. 

* This research was supported in whole or in part by the U. S. Air Force, 


monitored by the Aeronautical Research Laboratory, Wright Air Develop- 
ment Center. 


R6. Pulse Measurements on Black Silicon Carbide. 
Epwarp A. FAGEN, Armour Research Foundation.—A program 
of high-voltage pulse measurements has been undertaken on 
symmetrical contacts between crystals of black silicon carbide, 
intended to clarify the roles played by various conduction 
mechanisms. It was found possible to separate the total 
conductivity unambiguously into an isothermal conductivity 
and an excess conductivity due to self-heating of the contact 
area. The former is well described over the range 10 to 100 
volts by a law of the form /=aV", wherein the exponent n 
varies from 1.5 to 2.5 at room temperature and decreases with 
increasing temperature. The excess conductivity is inherently 
unstable at applied voltages exceeding about 32 volts, ac- 
counting for the disparate results of previously reported 
transient measurements. The rise of excess conductivity 
through nonequilibrium states depends in a complicated way 
on the thermal history of the sample; its decay, however, 
follows a predictable inverse-power law. No evidence of excess 
conductivity due to minority carrier injection is observed. 
These results are compared with existing theories of the silicon 
carbide contact, and it is shown that field emission is the most 
likely cause of isothermal nonlinearity, provided account is 
taken of surface states. 


R7. Some Optical Properties of Acceptor Impurities in ZnS. 
R. E. Hatstep, E. F. AppLe, AND J. S. PRENER, General 
Electric Research Laboratory.—Absorption spectra in ZnS 
resulting from the excitation of holes from acceptor impurities 
such as Cu, Au, and Ag to a continuum of energy levels in the 
valence band are observable by diffuse reflectance measure- 
ments on powder samples. The photon energy range of strong 
absorption establishes that overlapping emission and absorp- 
tion processes with associated generation of free holes by 
radiative energy transfer are inherently present.' The low- 
energy absorption limit provides an optical measurement of 
the energy of the acceptor level above the valence band. 
Preliminary values of 1.35+0.07 ev, 1.27+0.07 ev, and 
0.82+0.07 ev are obtained at 80°K for Cu, Au, and Ag, 
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respectively, in ZnS. These numbers specify the photon energy 
of the midpoint of the reflectivity change at the impurity 
absorption limit and the energy range within which 10% to 
90% of this reflectivity change occurs. ZnS:Cu exhibits in 
addition a discrete absorption band below the absorption 
limit. The energy at which its maximum occurs, approxi- 
mately 0.9 ev, is obscured for diffuse reflectance measurements 
by infrared recombination radiation occurring with small 
Stokes’ shift. 


1 Halsted, Apple, and Prener, Phys. Rev. Letters 1, 134 (1958). 


R8. Electrical and Optical Properties of the Semiconductor 
ZnAs;. W. J. TuRNER, A. S. FiscHier, V. J. Lyons, AND 
W. E. REEseE, International Business Machines Corporation, 
Poughkeepsie—Single crystals of ZnAs; have Leen prepared 
by a gradient freezing technique. The crystal structure is 
monoclinic as determined by x-ray studies of M. Senko et ai.* 
of this laboratory. Hall and resistivity measurements were 
made on samples oriented along three crystallographic direc- 
tions over the temperature range of 77-600°K. Thermal 
dissociation limited reproducibility to the temper. range 
77-400°K. Both Hall coefficient and resistivity are . 
anisotropic. A factor of ten is observed at room temperatu:. 
for two directions and up to 1000 at nitrogen temperature. 
Optical transmission measurements have been made from 
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1-25 microns. An optical gap of approximately 0.92 ev was 
observed. 
! Senko, Dunn, Cole, and Weidenborner, Acta. Cryst. (to be published). 


R9. Interpretation of Hall Data for ZnAs:. Davin Fox, 
University of Rochester and IBM Research Laboratory.—To 
explain the Hall data for ZnAs; (see preceding abstract) 
several possibilities were considered. (1) The crystal contains 
more than one type of donor. (2) The valence band has 
several equivalent maxima (with one maximum as a possible 
special case); arbitrary temperature dependences of the 
various mobility components are introduced, although with 
no physical justification. (3) There are at least two non- 
equivalent maxima, either in the same or in different valence 
bands; the relative values of the mobility components are 
such that the carriers with lower population may dominate 
for certain directions and temperatures. (Equivalent maxima 
are those which are interchanged by symmetry operations; 
the parameters of nonequivalent maxima, including the 
energies, are unrelated.) Only the third model can explain 
the qualitative features of the Hall curves. In this case, the 
Hall coefhicient need not give a direct measure cf the number 
of carriers, but may be proportional to myn2"*, or 

. *, where n, is the density of holes associated with the ith 
maximum. Additional galvanomagnetic data are required for a 
conclusive test of the model. 


Invited Paper on Ferromagnetism 
R10. Quelques Effects Curieux des Couplages entre Domaines Elémentaires Ferromagnétiques. 


L. NEEL, Université de Grenoble. (30 min.) 


Post-Deadline Papers, If Any 
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Social Sciences 122 
(R. G. Sacus presiding) 


Invited Papers on Gravitation 


S1. Implications of a Changing Gravitational Constant. R. H. Dicke, Princeton University. (30 min.) 
S2. Time-Variable Cosmologies. H. W. Lewis, University of Wisconsin. (30 min.) 


Theoretical Physics, II 


S3. Geodesic Deviation and Planetary Motion. E. New- 
MAN, University of Pittsburgh, AnD J. N. GOLDBERG, Aero- 
nautical Research Laboratory.—The gravitational field due to 
a stationary mass point can be obtained in many forms. As a 
result the geodesic equation for planetary motion will have 
many forms. The question arises as to which of these forms 
is appropriate for comparison with observation. Reference to 
Newtonian equations of motion singles out the standard 
solution: 


In principle, however, the results of general relativity are 
independent of Newtonian mechanics and of the particular 
coordinate system being used. In a previous abstract the idea 
was presented of using the geodesic deviation of null rays as 
a measure of the distance of events in general relativity. To 
compute the distance of a light source from the origin, one 
takes an observer located on the radius to the source. At the 
location of the observer, one then finds the geodesic deviation 
of a pair of null rays from the source and from the origin. The 
resulting distance turns out to be proportional to the co- 
ordinate r of the standard solution. Since the geodesic devia- 


tion is a scalar, the result is independent of the choice of 
coordinate system. 


S4. New Approach to Classical and Quantized Field 
Theories. Huseyin Sylvania Electric Products Inc., 
Waltham.—A_ generally covariant scalar field theory of 
gravitation is presented. The theory has the same equations, 
T,’ =R,”" — }6,’R, as in general relativity but 7,” is the stress- 
energy tensor of the scalar field ¢ alone, i.e., 7,” = (1/8x) (26,40” 
—6,"¢e"). Also the components g, of the metric tensor are 
not the independent field quantities, but they are functionally 
dependent on the actual field quantity ¢ as g,,(@), The scalar 
field ¢ satisfies the generalized d’Alembert's equation, =0, 
everywhere except at the singularities. This last equation is 
the equation of motion of the field ¢ and as a consequence 
leads to (T,”’),==0. A line element corresponding to a static 
set of singularities is found to be ds*=e#df@—e(dx*+dy 
+dz*), where ¢ satisfies the Laplace equation, 

Vig = — 
and applied to various problems: (a) For the special case of 
one source singularity the theory predicts correctly the results 
of the three crucial tests of general relativity. (b) The self- 
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energy divergence of point particles is removed from the 
classical scalar field theory. The total field energy is E= 2 M,c? 
= 2M,c*. (c) Application to cosmology leads to a steady-state 
universe where time-scale difficulty does not occur. (d) 
Analytic expression for the Mach’s principle is deduced. (e) 
The physical meaning of the theory is discussed and related 
to a new principle of nature called the principle of observation. 


SS. Space-Time Structure of Some Configurations De- 
scribable by One Variable Using the General Covariant Scalar 
Field Theory of Gravitation. STANLEY SCHNEIDER,* Sylvania 
Electric Products Inc.—Three time-independent configurations 
describable by one variable, (a) spherical, (6) circular, (c) 
planar, symmetric are considered within the general covariant 
scalar field theory of gravitation proposed by H. Yilmaz.’ 
The coupled nonlinear system of field equations are rigorously 
solved and the complete solutions are exhibited in explicit, 
isotropic forms. In each case, it is found that in addition to 
the solution corresponding to Yilmaz's general static func- 
tional line element, other solutions satisfying the flatness 
boundary condition at infinity are found. However, only 
Yilmaz’s solution satisfies the principle of equivalence 
(gravitation mass, charge producing the scalar field =inertial 
mass, 1/c* field energy). Discussion of a few points relating to 
the general covariant scalar field is made; including the 
principle of observation,! an attempt at classifying the line 
elements of the various stationary observers arbitrarily 
located in the time independent gravitational field making 
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use of the usual freedom of an integration constant in the 
scalar field variable. 


* Now at Harvard University 
1H, ne Phys. Rev. li, 1417 (1958) issue. Also see preceding 


S6. Equivalence of the Gravitational Field and a Motional 
Electric Field. W. J. Hooper, Principia College, AND JOEL 
E. FisHeR, New York City——The generation of what appears 
to be a gravitational field by the rotation of a unipolar 
magnetic system about its magnetic axis was reported on the 
Supplementary Program at the Spring Meeting. Four different 
types of rotating magnetic systems have since been tested 
with gravity meters and all have produced measurable 
attractive fields. Of the systems tested three were electrically 
conducting : one without a shield, one with a stationary shield, 
and one with a rotating shield. One system was completely 
dielectric and without a shield. The motional electric field 
produced by electromagnetic induction, appears like gravity 
to be immune to both magnetic and electrostatic shielding, 
and like gravity exerts an attractive force on conductors and 
insulators alike. An electromagnetic theory of gravitation is 
proposed. That fundamental alterations in some of our basic 
field conceptions is necessary in order to account for this 
phenomenon is indicated. Two tested lecture table models of 
gravitational generators will be displayed. Theoretically 
antigravitational devices are possible and research along this 
line is being conducted. 


SATURDAY AFTERNOON AT 1:30 
Eckhart 133 
(A. S. LANGsporRF presiding) 


Reactions of Transmutation and Nuclear Energy Levels 


Tl. Influence of Shell Structure on Energy-Level Densities 
of A**, Ca”, Mn*!, and Mn*.* R. S. Preston, J. P. SCHIFFER, 
L. L. Lege, JR., anD N. ROSENZWEIG, Argonne National 
Laboratory.—The level densities of several nuclei have been 
investigated in order to determine the effects of shell structure! 
in the vicinity of twenty and twenty-eight nucleons. The 
excitation curves for inelastic proton scattering were obtained 
by bombarding thin targets of Cl**, K®, Cr®, and Cr® and 
observing the gamma rays which were emitted from the first 
excited states of these nuclei. Since a resonance in the yield is 
an indication of a level in the compound nucleus, the number 
of such energy levels yields information on the level density. 
The compound nuclei, the average excitation energies, arid 
the observed spacings are as follows: 1sA;s**, 11.22 Mev, 18 kev; 
20Caeo”, 12.37 Mev, 16 kev; 2sMngs*, 8.75 Mev, 5 kev; 
25Mngs*, 9.55 Mev, 4.5 kev. When corrected for differences in 
excitation energies, these results appear to show an effect 
caused by the closing of the nucleon shells. However, the 
magnitude of this effect is smaller than expected from simple 
theoretical considerations. 


* This work performed under the auspices of the U. S. Atomic Energy 
1N. Rosenzweig, Phys. Rev. 108, 817 (1957). 


T2. Lifetime of the 666-kev Level of Na**.* R. E. HOLLAND 
AND F. J. Lyncu, Argonne National Laboratory—We have 
examined the gamma radiation from the new level in Na” at 
666 kev reported by Temmer and Heydenburg.' This level 
was excited by using the reactions F%(a,n)Na® and Ne®- 
(He’,p)Na*. In each case gamma rays of energy 73 and 593 


kev were observed; the 73-kev gamma ray occurs as the first 
member of a cascade from the 666-kev level through the 
593-kev level. We measured the lifetime of these levels by 
using a pulsed-beam technique with the Argonne electrostatic 
accelerator. For both reactions we verified that the 593-kev 
level had a mean life of the order of } usec. By observing the 
73-kev gamma ray, which was also studied in both reactions, 
we set an upper limit of 0.5 mysec for the mean life of the 
666-kev level, or a lower limit of about 0.2 Weisskopf unit for the 
magnetic dipole transition rate. This short lifetime is in 
agreement with the 7=1 assignment for the 666-kev level, 
since one should expect a much longer lifetime for a magnetic 
transition with AT =0 in this nucleus.* 


* This work was performed under the auspices of the U. S, Atomic 


Commission. 
1G. M. Temmer and N. P. Heydenburg, Bull. Am. Phys. Soc. Ser. II, 3, 
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G. Morpurgo, Phys. Rev. 110, 721 (1958); E. K. Warburton, Phys. Rev. 


Letsers 1, 68 (1958). 


T3. Lifetime of the Excited States of Ti*’, Mn*, Fe*’, and 
Ta'*!,* F. J. Lynco anp R. E. HoLLanp, Argonne National 
Laboratory—We have produced excited states in the above 
isotopes by Coulomb excitation with alpha particles from the 
4-Mev electrostatic accelerator. We have measured the life- 
time of these states by a pulsed beam technique. The isotope, 
transition energy, and preliminary value of the mean life are 
as follows: Ti”, 160 kev, 0.25+0.1 mysec; Mn*, 128 kev, 
0.340.1 mysec; Fe*’, 137 kev, 11.641 myusec; Ta', 136 kev, 
<0.1 mysec. 

Work performed under the auspices of the U. S. Atomic Energy 


T4. C'*(p,@)B* Reactions at 15.1 to 18.6 Mev.*—D. R. 
MAXSON AND J. H. TERRELL, Princeton University.—A gridded 
ionization chamber has been used to observe the energy 
spectrum of alpha particles from a polystyrene target. The 
spectrum has two peaks, corresponding to C"*(p,a)B* reactions 
to the ground state and to a level at 2.39+0.08 Mev. There 
was no evidence for (p,a) reactions to other levels of B® up to 
at least 5.5-Mev excitation energy. At E,=18.6 Mev the 
differential cross section for C(p,a2)B* 2.4 Mev is smaller 
than that for the ground-state reaction, with an average ratio 
of 0.4 for 16 angles from 15 to 110 degrees (lab). C'*(p,a)B* 
ground-state angular distributions were measured at labora- 
tory energies of 15.6 and 18.6 Mev. Except at small angles, the 
results are consistent with the triton pickup or Butler knockon 
theories. The best theoretical fit for ]/=1 has a maximum at 
zero degrees; the experimental cross section, however, de- 
creases below 20 degrees c.m. at both energies. In addition, the 
predicted forward peaking is much greater than that observed. 
The cross section at 60 degrees in the laboratory system, cor- 
responding to the second maximum of the angular distribution, 
decreases from 6.2+0.5 mb/sterad at 15.1 Mev to 3.9+0.3 
mb/sterad at 18.6 Mev. 


* This work Ge U.S. 
and The Scientific Trust Fund. 


TS. Cross Section of the Li*(n,a)T Reaction from 1.2 to 8 
Mev. R. B. Murray AND H. W. Scuatitt, Oak Ridge National 
Laboratory.—The cross section for the reaction Li*(#,«)T 
has been measured as a function of neutron energy in the 
range 1.2<£,<8.0 Mev. Source neutrons were obtained at 0° 
from the T(p,2)He® and D(d,)He’ reactions. An essentialiy 
back-to-back method was used, with a thin cylindrical 
Li*I(Eu) crystal placed concentric with and adjacent to a 
thin-walled ionization chamber containing a deposit of fissile 
material (U™* or Np™). Li*(n,a)T events iaduced by primary 
neutrons were determined by pulse-height ana'ysis of scintil- 
lation pulses from the Li*] (Eu) crystal. Statistical and other 
point-to-point uncertainties in the data range from +5 to 
+9%, while the uncertainty in absolute value of the cross 
section is +7%. In this experiment the magnitude of ena 
depends on the absolute value of ¢;(U™), while the shape of 
the cross section curve depends on the known energy depend- 
ence of «;(U™* or Np*’). The Li*(#,a)T cross section obtained 
in these measurements is consistent with the measurements 
of Ribe [Phys. Rev. 103, 741 (1956)]. In addition, however, 
a broad hump at E,=2 Mev is found. 


T6. Angular Distribution of Neutrons from the C'*(d,n)N“ 
(g-s.) Reaction.* J. Kane, A. J. E-wyn, S. Orer,t anp D. 
Brookhaven National Laboratory——The angular 
distributions of neutrons from the C(d,n)N(g.s.} reaction 
nave been observed at 14 incident deuteron energies between 
1.45 and 3.0 Mev. The deuterons from the BNL pulsed Van 
de Graaff generator bombarded thin natural carbon targets. 
The neutrons were detected in a 1} in. diameter X2 in. long 
plastic scintillator and observed by a type 6810A phototube. 
The neutrons were velocity analyzed by time-of-flight using a 
millimicrosecond time to pulse-height converter. Measure- 
ments of the neutron intensity were taken at approximately 
10° intervals from 0° through 160° at each value of the 
bombarding energy. The angular distributions show forward 
peaking characteristic of direct interaction for deuteron 
energies above 1.9 Mev. At 1.45 Mev a strong backward peak 
is observed. Evidence exists for interference between direct 
interaction and compound nuclear effects at bombarding 
energies corresponding to resonances in the C(d,n) neutron 
yield curve. Systematic trends in the data will be discussed. 

*Work performed under the auspices of the U. S. Atomic Energy 
Commission. 


from the Hebrew Jerusalem, Israel. 
Permanent address: Oxford University, England. 
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T7. Study of the Li’ Levels by Means of the Li*(d,p)Li’ 
Reaction.* E. W. HAMBURGER AND J. R. CAMERON, University 
of Pittsburgh.—Metallic Li* targets were bombarded with 
15-Mev deuterons; the outgoing particles were magnetically 
analyzed and recorded in nuclear emulsions. Angular distribu- 
tions from 10° to 90° (lab.) were obtained for the 4.6- and 
7.5-Mev levels. The 7.5-Mev level cross section can be fitted 
at low angles with an /=1 Butler curve; its reduced width 
for ro=4.510-" cm is approximately equal to that of the 
ground state. The cross section of the 4.6-Mev level is nearly 
isotropic; its magnitude is ~1/16 of the ground state cross 
section! at = 15°. It was hoped that this group would show 
spin flip stripping. No other narrow ([ <120 kev) levels of 
comparable cross section were observed between 0.5- and 14- 
Mev excitation in Li’; spectra were recorded at = 11°, 15°, 
and 25°. The group at 6.56 Mev reported earlier from this 
laboratory' proved to be due to a contaminant. 


* Work done at the Sarah Mellon Scaif 


ie Radiation Laboratory and 
assisted by the joint of the of 
U. S. Atomic Energy 


mission. 
‘ Levine, Bender, and McGruer, Phys. Rev. 97, 1249 (1955). 


T8. Low-Lying States in Na*.* R. E. BENENsont Ann L. J. 
Liporsky, Columbia University.—The low-lying states of Na* 
have been studied by means of the Ne™®(d,n)Na* reaction using 
a fast neutron spectrometer and by means of the Ne”(p,7)Na™ 
reaction using conventional single crystal and 3-crystal pair 
scintillation spectrometers. Bombardments of enriched (98%) 
Ne™ targets were carried out using deuterons of 3-Mev and 
5-Mev energy. Strong neutron groups corresponding to final 
Na* states at 0.4-Mev and 2.4-Mev excitation and a weak 
group corresponding to the ground-state transition were seen. 
Groups corresponding to two or more states at about 4.1 Mev 
have also appeared. As yet, no neutron groups corresponding 
to the 1.48- and 3.57-Mev Na™ states have been seen. The 
angular distributions of the neutron groups indicate 1, =2 for 
the 0.4-Mev state and /, =0 for the 2.4-Mev state and hence 
spin-parity assignments of (3/2+,5/2+) and 1/2+, respec- 
tively. In addition, the gamma-ray spectrum following proton 
capture in the 3.57-Mev level shows a very strong ground- 
state transition. Further studies are being made to determine 
the gamma branching to the intermediate states. 

*This work was partially supported by the U. S. Atomic Energy 


Commission. 
+ Permanent address: City College of New York. 


T9. Gamma Rays from the Proton Bombardment of 
Silicon.* C. Brovupe, S. BasHKIN, AND C. E. HoRNBACK, 
State University of Iowa.—Thin targets enriched! to ~80% in 
Si® have been bombarded with protons having energies 
between 1200 kev and 3500 kev. Collimated gamma rays have 
been detected with a 5-in. diam X6-in. long Nal (TI) crystal 
and recorded with a 256-channel analyzer. Preliminary data 
were taken at 0° and 70° to the incident beam. Measurements 
at 55° are in progress. The yield of gamma rays having 
energies in excess of 1.6 Mev shows 56 distinct resonances in 
the region studied. Spectral distributions are being taken to 
assign the resonances to the reactions: Si®(P,y)P™, Si®(P,P’y)- 
Si®, Si#*(P,y)P®, Si**(P,P’y)Si**. Natural silicon targets are 
also being used to assist in the identification of the resonant 
reactions. At E,=3310 kev, the reaction Si®(P,P’y)Si®, 
involving the 2.23-Mev level in Si®, is strongly resonant. 
This has not been previously reported. Angular correlation 
measurements are planned at particular resonances. Com- 
parison of the present results with those obtained at Chalk 
a will be made. 

in wih the U. S, Atomic Energy Commission. 


Harwell, England. 
vate for A. E. Litherland. 


T10. Reactions Ca“(y,np)K** and Ca®(y,3n3p)CI*.* O. E. 
Jounson G. W. TautFrest, Purdue University.—Activa- 
tion cross sections for the reactions Ca®(y,np)K** and Ca®- 
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(y,3n3p)CI* have been obtained at 25-Mev intervals in the 
energy range 98-322 Mev by detection of the gamma radiation 
accompanying the positron decay of the product nuclei. 
Detailed measurements of the gamma spectra and half-lives 
served to identify the isotopes of interest and rule out the 
presence of interfering activities. Absolute cross sections were 
obtained by normalizing the yield of the Ca®(y,3n3p)CI™* 
reaction at 98 Mev to the cross section previously obtainea 
elsewhere.! The cross-section curves for the two reactions 
suggest an increase in the absorption cross section above 130 
Mev. The cross sections integrated to 322 Mev were found to 
be 0.02+0.0C5 and 0.004+0.001 Mev-barn for the (y,p) 
and (y,3n3p) reactions, respectively. 


* Supported in part by the U. S. Atomic Energy Commission. 
1 Shupp. Colvin, and Phys. Rev. 107, 1058 (1957). 


T11. Photodeuterons from Copper. H. A. Mepicus AND 
J. J. Grant, Rensselaer Polytechnic Institute, AnD P. DEMERS, 
University of Montreal.—The ratio of photodeuteron to photo- 
proton emission from copper due to 24-Mev bremsstrahlung 
was reinvestigated, using very fine grain emulsions produced 
at the University of Montreal.! Discrimination between 
deuterons and protons was done by grain-counting the last 40 
microns of the tracks. The small size of the developed grains, 
about 0.2 micron, made it possible to count the grains with a 
good degree of accuracy because the number of multigrain 
blobs was not excessive. From copper, deuterons, and protons 
with ranges greater than 40 microns in the emulsion were 
detected in the ratio of (21+5)%. This compares with 
Byerly and Stephen's value of (31+10)% for about the same 
bremsstrahlung energy? and Forkman’s value of (16+8)% 
for 30-Mev bremsstrahlung. This work was done with the 
betatron of the United States Army Arsenal in Watervliet. 


1 P, Demers, Jonographie (Presses Universitaires de Montreal, Montreal, 


Phys. Rev. 83, 54 (1951). 
65 (1956). 


Canada, 
: R. Byerly and W. E. Si 
3B, Forkman, Arkiv Fysik 11, 


T12. Reactions of Zinc-64 with Alpha Particles.* NoRBERT 
T. Pore, Brookhaven National Laboratory.—Excitation 
functions have been measured for the following reactions of 
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Zn“ with alpha particles: (a,y), (a,"), (a,p), (a,2m), (a,pn), 
(a,3n), (a,p2n), (a,2pn), (a,an), (a,a2n), and (a,apn). The 
bombarding energies ranged from 11 to 41 Mev. The total 
inelastic cross section was obtained from the measured cross 
sections and from estimated values for reactions leading to 
stable nuclides The resulting value is consistent with a 
nuclear radius parameter, ro, of 1.6 fermis. The results for one, 
two, and three particle emission were compared with values 
predicted by the statistical theory of nuclear reactions, by 
use of the level density expression w =exp[4a (Eresidual — 4) }}. 
The difference in level density between odd-odd, even-even, 
and odd-mass nuclides was accounted for by introducing 4, a 
pairing energy term, in the level-density expression. The 
results for the competition between one and two particle 
emission, as well as for two and three particle emission, agree 
with the calculated values for a = 1.6. 


an performed under the auspices of the U. S. Atomic Energy 
Commission. 


T13. Low-Energy Neutron Capture Gamma-Ray Spectra 
in Nd.* R. L. Hickoxf anv J. E. Draper, Yale University.— 
Using the Yale linear electron accelerator as a pulsed neutron 
source, the low energy gamma-ray transitions following 
resonant and thermal neutron capture in Nd have been 
examined. Capture in the 4.37-ev resonance, producing Nd“, 
yielded gamma rays of 460+ 10 and 605+ 20 kev with absolute 
intensities of 52+10 and 15+4 quanta per hundred neutron 
captures. The gamma-ray spectrum resulting from thermal 
neutron capture in Nd, indicates transitions with energies of 
1500+80, 690+20, 610+19, and 455+21 kev with intensities 
of: weak, 50:+15, 2348 and 12+5 quanta per hundred 
neutron captures in the element. An observed 508+25 kev 
transition is attributed to annihilation radiation. The 455- 
and a portion of the 610-kev transitions are probably the 
same as the 460- and 605-kev gamma rays reported above for 
the 4.37-ev resonance. Measurements with separated isotope 
of Nd’ show that the 690- and the majority of the 610-kev 
transitions occur in Nd™, 


rted by the U. S. Atomic Energy Commission. 


* Research 
t Socony Mobi Postdoctoral 
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Mandel Hall 
(E. A. LonG presiding) 


Invited Papers in Cryogenics 
U1. Empirical Relationships between Ferromagnetism and Superconductivity. Bernp MAtrTuias, 


Bell Telephone Laboratories. (30 min.) 


U2. Ten Years of Research on Liquid Heiium 3. W. E. Ketter, Los Alamos Scientific Laboratory. 


(40 min.) 


Cryogenics 


U3. Magnetoresistive Effects in Pb from 4 to 10°K.* 
R. W. Ssaw,t D. E. MApotHer, C. L. Woirr, University 
of Illinois.—Determination of the residual resistivity of pure 
Pb specimens is complicated by the circumstance that the 
specimen becomes superconducting before the normal re- 
sistance reaches the residual value. Resistance measurements 
in longitudinal and transverse fields up to about 7500 gauss 
have been made on specimens subjected to increasing amounts 
of plastic deformation at helium temperatures. Below T. the 


apparent normal resistance of a specimen shows a pronounced 
field dependence up to fields of the order of 3H. which seems to 
be due to the survival of microscopic traces of superconduc- 
tivity. Preliminary measurements also show a step in the 
resistance vs field curve apparently representing a second 
superconducting transition of much greater H, than that of the 
bulk specimen. However, this second transition affects only a 
small fraction of the specimen volume. Above 7, (or for 
sufficiently large fields below 7.) a normal magnetoresistive 


SESSIONS U AND V 


effect is observed. The connection between these results and 
the previously described magnetic hysteresis effect' will be 
discussed. 

* Supported by the tt of Ordnance Research, U. S. Army. 


oundation Predoctoral Fellow. 
(sss Decker, and Shaw, Bull. Am. Phys. Soc. Ser. II, 3, 134 


U4. Current Dependence of the Resistance Transition in 
Superconducting Tantalum.* R. A. ConNELL AND D. P. 
SERAPHIM.—A study has been made of the superconducting 
to normal transition of outgassed tantalum wires with the 
application of external magnetic fields. It was found that in 
most cases the transition could be decomposed into a sharp 
transition, characterized by an almost discontinuous appear- 
ance of resistance ; and a broad transition, where the resistance 
rises rather gradually to the full residual resistance. Flux 
measurements showed that the sharp transition corresponded 
to the magnetic, or “bulk” transition. The behavior of the 
broad transition was of the type commonly associated with 
superconducting “filaments.”” The “filament” critical field 
H,' (the field at which the resistance assumes half its normal 
value) tended to increase above the “bulk” critical field H, 
with decreasing temperature, decreasing measuring current, or 
increasing impurity content. H.’ appeared to approach a 
limiting value for very low current densities. The width of the 
“filament” 
specimens with p42/ps00<0.01, the sharp transition could 
always be detected by using a sufficiently large measuring 
current. Work is now in progress to determine the effects of 
strains and impurities on the two transitions. 


* This work has been supported by the Department of Defense. 


US. Pressure Effect in Lead. Marvin GaRFINKEL, Univer- 
sity of Illinois.—Preliminary measurements have been made of 
the threshold field curve of kad under pressure for pressures 
of 6500 and 8500 psi. These pressures were applied through 
fluid helium and it is presumed that they are hydrostatic. 
The values obtained for 10H o/Hy@P and 13T./T.@P are 
(atmosphere) and —5.510~* (atmosphere)™, 
respectively. 1dy/7@P is determined from these by the usual 
thermodynamic argument, and has the value —5.8x10-* 
(atmosphere). This result is about 10 times larger in mag- 
nitude than would be predicted by a free electron picture and 
has the wrong sign. The temperature variation of (H?—H®), 
where H” is the critical field of the sample under pressure, and 


transition increased with increasing current. For | 
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H?° is the critical field at zero pressure, indicate that there may 
be slight deviations from the law of corresponding states. 


U6. Current Quenching in Superconducting Wires. J. I. 
GITTLEMAN AND W. H. Cuerry, RCA Laboratories.—Observa- 
tions of the voltage drop across superconducting wires when 
subjected to rectangular current pulses indicate that, over a 
restricted current range, the transition to the normal state 
proceeds by the propagation of a normal-superconducting 
interface along the wire. The observed propagation velocities 
ranged from 1000 to 25000 cm/sec for a 2-mil diameter 
tantalum specimen. A model conforming very well to the data 
and explaining this type of current quench is presented, which 
is based on the balancing of the Joulean heat on the normal 
side of the interface with the heat flow to the bath and across 
the interface into the superconducting region. The interface 
temperature is thereby maintained at the superconductor's 
transition temperature corresponding to the suriace magnetic 
field of the current pulse. The model predicts that, for a given 
specimen, the velocity will vary solely with the ratio /?/7,— 
where J is the current, 7; the transition temperature, and Tg, 
the bath temperature. When the current is so large that the 
corresponding 7, becomes less than Tz, the transition changes 
character sharply and appears to occur simultaneously over 
the entire specimen, presumably taking a form similar to that 
proposed by Pippard.' 

1A. B. Pippard, Phil. Mag. 41, 243 (1950). 


U7. Film Flow from a Rotating Beaker of Helium II.* 
H. A. SNypER AND R. J. Donne Ly, University of Chicago.— 
A cylindrical Pyrex beaker of radius 0.318 cm containing 
helium Il was rotated about its principal axis at angular 
velocities ranging from 4 to 230 radians per second. The film 
flow rate during rotation was compared with the stationary 
rate by observing the rate of fall of the meniscus with the 
motor alternately off and on. No change in film flow rate 
greater than the scatter of individual runs (+5%) was 
observed over the entire range of rotation speeds. Deliberate 
introduction of contamination increases the creep rate, but 
otherwise does not alter the above conclusion. It was pre- 
viously reported! that an increase of the flow rate of 35% 
occurred at the highest speeds. This earlier result is now con- 
sidered wrong. 


Supported in part by a grant from the National Science Foundation. 
ri Donnelly and K. H. Walmsley, Bull. Am. Phys. Soc. Ser. II, 1, 57 
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(R. H. HILDERRAND presiding) 


Apparatus of Nuclear Physics 


V1. Computational Examples [Illustrating the Nonlinear 
Coupling Resonance 2v,—v.=1 for Particle Accelerators.* 
L. Jackson Lastett, Jowa State College and Midwestern 
Universities Research Association.—Digital computations have 
been made with coupled differential equations to simulate the 
effect of certain coupling terms which may markedly influence 
particle motion in accelerators operated near the 2x,—»,=1 
resonance. The equations essentially differed from linearity 
only in containing terms in y»* and x-y, times a periodic 
function of @, in the x and y equations respectively. As with 
other similar coupling resonances,| a marked exponential 
growth of y amplitude was found to eccur when the x ampli- 
tude exceeded a certain threshold, the threshold being the 
smaller the closer the operating point lay to the resonance in 


question. For the case in which the y equation is essentially 
equivalent to d*y/d@+-[»,?+ (d/2)(cos@)x]y=0, an approxi- 
mate theoretical analysis suggests a threshold amplitude 
Az, the =| (2/d)[(2r,)?— (1+».)*]| and a lapse rate char- 
acterizing the y growth in the unstable region given by 
nepers per radian, with 
which the relevant computations appear to be in semi- 
quantitative agreement. Some computational results are also 
available to illustrate the effect of traversing the 2x,—v.=1 
resonance at various rates. 


Laslett and K. R. Symon, CERN Sym 


m on High Energy 
prs“ and Pion Physics (CERN, Geneva, 1 


Vol. 1, p. 279. 
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V2. FFAG Accelerators without Median Plane Symmetry.* 
F. T. CoLe,t Midwestern Universities Research Association.— 
Calculations have been performed to investigate particle 
orbits in FFAG accelerators whose magnetic fields are not 
symmetric about the median plane. When radial and azimuthal 
fields are present in the median plane, the equilibrium orbit 
of a particle executes two-dimensional oscillations, rather than 
the one-dimensional oscillations of the symmetric case., There 
is an improvement in the circumference factor of the radial 
sector FFAG accelerator because this additional scalloping 
increases the difference in fields between positive and negative 
magnets. In fact, closed orbits exist in the case when there is no 
vertical guide field in the median plane. Betatron oscillations 
about the equilibrium orbit have been investigated in the 
linear approximation. The radial and vertical oscillations are 
coupled and give rise to two normal frequencies of oscillation. 
As the radial field in the median plane increases, both fre- 
quencies decrease. It appears that use of magnet spiralling to 
improve vertical focusing makes it possible to design a two- 
way accelerator with a circumference factor of about 5 instead 
of the minimum of about 6. obtained with median plane 
symmetry. 


* Sup 
tOn 


Commission. 


by the U. S. Atomic 
Towa. 


ve from the State University 


V3. Computing Programs for Radial Oscillations in Linear 
Accelerators with Quadrupole Focusing Magnets.* Davip 
CoHEN, Argonne National Laboratory.—To insure that the 
linac injector not be the limiting factor for high-current 
operation of the Argonne 12-Bev synchrotron, two IBM-704 
programs were written and are now used to compute radial 
oscillations through}the 50-Mev linac. The first (an extension 
of work by Lloyd Smith!) contains only linear forces and is 
useful for investigating several phenomena, including radial 
misalignments of the 124 quadrupole focusing magnets. The 
second contains nonlinear effects due to magnet ends and the 
rf electric field, as well as approximate linear space-charge 
forces; it is useful for investigating the coupling between the 
two planes of radial motion due to these nonlinearities, and to 
rotational magnet misalignments. Results will be presented on 
some of the effects of space-charge, misalignments, and rf 
phase oscillations on the output phase-space figures, for the 
++-—-— and the +—+— modes of magnet arrangements. 


* This work performed under the auspices of the U. S. Atomic Energy 
mission. 
1 BNL, LS-3, ADD Internal Report, May 21, 1956. 


V4. Injection Optical System for the Argonne Synchrotron.* 
ROLLAND PERRY AND JOHN R. HiskEs, Argonne National 
Laboratory.—The problem of matching the output beam from 
the Argonne 50-Mev linac to the admittance requirements of 
the synchrotron is discussed. To orient the skew beam emerg- 
ing from the linac along the optic axis a set of steering magnets 
is required. The optical properties of the 110° bending magnet 
system! to be located immediately before the synchrotron are 
such as to require a beam impinging on the 110° bend which is 
strongly converging in the horizontal plane and is approxi- 
mately parallel in the vertical plane. To meet this requirement 
a doublet quadrupole is preferred to a triplet. Between the 
steering magnets and the doublet an additional doublet or 
triplet is required to contain the beam and aid in the matching. 
The problem of matching the linac emittance to the synchro- 
tron admittance in detail will be discussed and the success to 
date reported. 


a aby performed under the auspices of the U. S. Atomic Energy 
missio 

IL. Cc. Teng, ANLAD.-48. 

V5. Electromagnetic etic Inflector for Syn- 


chrotron Injection.* H. R. FECHTER AND Martyn Foss, 
Argonne National Laboratory—-We have recently made 
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measurements on a short, full-scale cross section model 
magnetic inflector for the Argonne synchrotron. This magnet 
enables injection close to the machine midplane and reduces 
the amplitude of betatron oscillations, thus decreasing the 
amount of gas scattering. The inflector is of “window frame” 
construction and consists of an iron yoke of “L” shape, thick 
on the top and left (short) side. Thin mu metal sheets close the 
bottom and right-hand side. Two perpendicular water-cooled 
current sheets at left and right provide excitation of one-half 
gauss per ampere. Field measurements made in the region 
of beam travel show maximum error fields of less than five 
percent at the beam edge near the current sheet. This error 
may be tolerable; but we expect to reduce it by use of com- 
peusating filaments or by eliminating the cooling holes in the 
current sheets. 


* This work performed under the auspices of the U. S. Atomic Energy 
Commission. 


V6. Acceleration and Control of a 50-ma Beam of Protons.* 
H. R. FECHTER AND A. SavuLys, Argonne National Laboratory 
(introduced by L. C. Teng).—A re-entrant structure has been 
designed which provides an approximation to Z*? axial 
potential distribution. An “excess” of focusing following aper- 
tures compensates for defocusing forces just ahead of aper- 
tures. The controi of the beam begins immediately following 
the ion source nozzle. To accomplish this the exit aperture 
opens immediately into an angle of 70.5 degrees. The shapes 
of the following three electrodes were calculated to hold the 
beam to a two mm radius. In order to trace a 50 ma beam from 
the ion source aperture through at least 330 kv of potential, 
accurate potential data were obtained from an electrolytic tank. 
These data were used in the paraxial ray equation for beams 
moving under space-charge forces. A voltage of 30 kv was used 
for extracting potential and the radius of the beam was taken 
to be 1 mm at the ion source exit. Iteration calculations show 
that the beam is becoming nearly parallel at a radius of 1.7 mm 
at an energy of 330 kev. This energy is gained during three 
inches of travel. As acceleration proceeds the beam thins out 
and net focusing forces become relatively stronger. Our 
column will consist of two sections and final energy will be 


750 kev. 
* This work performed under the auspices of the U. S. Atomic Energy 
mission. 


V7. Energy Spread from the Linear Accelerator.* JoHN R. 
HIskEs, Argonne National Laboratory~—The Argonne syn- 
chrotron requires a beam at injection of 50 Mev+75 kev. 
Using a debuncher, an energy spread from the linac of +400 
kev can be reduced to the desired energy spread of +75 kev. 
The tolerances on rf gradient and longitudinal drift positioning 
in the linac are considered such that the energy spread from 
the linac will not exceed +400 kev. The linear theory for the 
phase oscillations can be extended to give the amplitude of 
induced phase oscillations due to the effect of small gradient 
fluctuations from cell to cell. The linear theory gives the shift 
in energy from the design value of 50 Mev, a true energy 
spread developing as the induced oscillations are driven into 
the nonlinear regions. The complete nonlinear equation for 
the phase oscillations has been coded for the Argonne George 
computer. The effect on the energy spread for these random 
gradient fluctuations for several sets of random numbers and 
for different ranges of gradient fluctuations has been computed. 
The results will be compared with the analytic theory. In 
addition, the effect of the tipping the rf gradient along the 
accelerator is discussed. 


* This work performed under the auspices of the U. S. Atomic Energy 
Commission. 


V8. Differential Probe for Dynamic Low Magnetic Fields.* 
Hans M. Nysater,t Cambridge Electron Accelerator (intro- 
duced by M. S. Livingston).—Two biased peaking strips have 
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been combined into a differential magnetic probe. In a varying 
magnetic field they give pulses with a time separation given by 
the field difference between the locations of the two strips. 
At the bias current corresponding to the chosen field level, the 
two peaking strips are given slightly different bias, so as to 
cancel the time lag between pulses. The field difference is read 
directly as a de current. The magnetic field itself is measured 
with one of the peaking strips, as its de bias current. With 
careful calibration, the accuracy in gradient divided by field 
(n-value) was estimated to be of the order of 1% in a nearly 
linear synchrotron field of 25 gauss, varying by 4% per cm 
and 0.15 gauss/usec. The instrument, when applied to the 
CEA magnets, confirmed the feasibility of an injection field as 
low as 25 gauss, although at the magnet ends sharp peaks 
occur in the field and gradient distributions apparently a 
remanent field contribution. 


* Sup ed by the U. S. Atomic pepe Commission. 
t On leave from the Royal Institute echnology, Stockholm, Sweden. 


V9. Radio-Frequency System for Extracting Particles from 
a Cyclotron.* WARREN Fenton Sruspins, University of 
California, Berkeley —The impressive rate of particle loss by 
vertical beat frequency (VBF) blowup! in the low electrical 
field of a synchrocyclotron suggests the application of a radio- 
frequency perturbation to induce growth of radial oscillation 
amplitude for beam extraction. The use of an electrical field 
with a linear gradient on the outward side of a reference orbit 
and extending 60° in aximuth has been studied. The radio- 
frequency is chosen to make radial oscillations, described by 
an equation of the Hill type, unstable. Orbit calculations for a 
cyclotron with 50-Mev deuterons in a 17 000-gauss field have 
been made on a digital computer. Two essential features were 
observed: (a) a reasonable separation between successive 
turns influenced by the perturbation; and (b) a phasing of 
orbits so that the maxima following an increase in amplitude 
occur near one azimuth. An electrical gradient of 4.3 kv/cm* 
was used in the computations. The application of this system 
to variable-energy-constant-frequency cyclotrons and very- 
high-energy accelerators is under study. The possibility of 
changing the electrical frequency and gradient to match 
operating conditions eliminates difficulties arising in magnetic 
extraction systems for variable-energy machines. 


ie of the U. S. Atomic Energy 


Comm 
and Warren F. Stubbins, “Beam storage in the 
184-inch cyclotron,” UCRL-3463, July, 1956 (unpublished). 


V10. High-Pressure Compaction Techniques Applied to 
Scintillators.* H. V. Watts, E. F. Ditzer, anp C. A. Stone, 
Armour Research Foundation—-Many of the problems of 
preparation of scintillators by crystal growth methods may be 
by-passed by the successful application of high pressure com- 
paction to the production of scintillators. In this technique one 
starts with a microcrystalline powder of the scintillator 
material and compacts this in an evacuated piston die at 
pressures of the order of 100 000 psi, to form a clear, trans- 
parent mass.' The compaction process is found not to adversely 
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affect the scintillation pulse characteristics of the sodium 
iodide, potassium iodide, and lithium iodide scintillators. A 
study of powder preparation methods was made and the 
required compaction pressures are found for several of the 
alkali halides. The compaction technique allows the usage of 
diverse activation methods in the preparation of scintillators. 
Some of these methods have been investigated. 


* This research was supported in part by the Aeronautical Research 


Laboratory, W right Air De’ 4 
1 L. Reiffel and H. V. Watts, Phys. Rev. 97, 1714 (1955). 


Vill. Some Performance Figures for the Duo-Plasmatron 
Ion Source for H,*, H:~, Het, He**, and e~. C. D. Moax, J. N 
Tuurston, H. E. Banta, AND J. W. JoHNson.—A new ion 
source, called the Duo Plasmatron and developed by Von 
Ardenne,’ has been found to show some promise as a source 
of H, ions and He‘* ions in addition to its remarkable 
properties for H,* and He*. A miniature version of the original 
1 ampere proton source has been developed with a proton 
current of 10 ma for use in pulsed accelerator work. With the 
extremely high proton source-brilliance now available, the 
current densities are limited entirely by space charge forces 
even at gradients above vacuum break-down strength for 
carefully polished electrodes. For protons and He* ions, the 
gas efficiency is very nearly 100%. Small but useful yields of 
H,~ ions and He** ions have been found. In particular, a 
current of 11 wa of H,~ ions was observed by simply reversing 
the extractor polarity. The size of the focal spot obtained was 
1 mm. At the same time electron focal-spot size was <1 mm 
and electron current was 5 ma. With He operation, singly 
charged ion perform-ance was similar to proton performance. 
Doubly charged ion yields of 5 wa have been observed with less 
than 0.5 atmos cc per hour gas consumption. Design parame- 
ters and operating characteristics of the sources will be shown. 


Manfred Von Ardenne, ond 


V12. Gamma-Ray Spectrometer with a Long Nal Anti- 
coincidence Annulus.* C. C. Tram anp S. Rasoy, Argonne 
National Laboratory—A gamma-ray spectrometer has been 
constructed using a ring of Nal in anticoincidence with another 
Nal crystal. The ring is 8 in. in diameter and 12 in. long with 
a 2} in. hole in the center. Six photomultipliers, optically 
bonded to one end of the ring are operated in parallel. The 
other crystal which is 2 in. in diameter and 6 in. long, is 
positioned in the center of the ring. Pulses from the center 
crystal are fed into a 256-channel analyzer. Pulses from the 
ring operate an awticoincidence gate on the analyzer. This 
instrument reduces the intensity of the one annihilation quan- 
tum escape peak from 4.4-Mev gamma rays by a factor of 5, 
and eliminates the two quantum escape peak. The Compton 
distribution in the 3-Mev region from this gamma ray is 
reduced by a factor of 10. The response of the spectrometer to 
other gamma rays will be presented. 


* Work performed under the of the U. S. Atomic Energy 
u auspices 


SUPPLEMENTARY PROGRAMME 


SP1. Theoretical Criterion for the Classification of All Spin 
Ferticles into Leptons and Baryons.* E. J. Scuremp, U. S. 
Naval Research Laboratory—The transformation group 
= (ay (8. 8.9), which contains the sub- 
group ¥.’=e**(¥.r Fipss) with the real scalar parameter yu 
and real quaternion parameters r, s, yields for r=0, p=nx/2, 
and e*%*«* = —e, two different kinds of reflection, according as 
the integer n is odd or even. Two corresponding modes of 


decomposition of ¥, exist, with 8-component eigenfunctions 
mode, ¢ being a real scalar and e¢ a real vector such that @=1 
and e?= —eo. The free-particie equations then require that the 
particle mass m vanish if either uy. or vgo, but not wi. OF Vic, 
vanishes identically. Since the “even” eigenfunctions, unlike 
the “odd” ones, can thus represent individually a massive 


386 


spin $ particle, the ‘‘odd’’ mode of decomposition is physically 
admissible only for leptons, and the “even’’ mode only for 
baryons. According to this criterion, the individual eigen- 
functions “40, and describe, respectively, neutrinos 
of opposite leptonic charge, and A particles of opposite 
baryon number; while the superpositions = (uio+vs0)/V2 
and Ws = describe, respectively, leptons of non- 
vanishing mass m whose leptonic charge is determined by e, 
and ordinary isodoublets whose baryon number is determined 
by the sense of the unit vector e. 


* To be offered at the end of Session J if the Chairman rules that time 


SP2. On the Spatiotemporal Character of Certain Ele- 
mentary Particle “Internal” Degrees of Freedom.* E. J. 
Scuremp, U. S. Naval Research Laboratory—In 1951 we 
called attention! to certain internal rotations in space-time, in- 
duced by transformations of the real subgroup of the second 
parameter group of the proper Lorentz group. Unlike ordinary 
spatial rotations, these real Euclidean rotations transform one 
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tetrad of orthonormal 4-vector fields in space-time into 
another without any change of coordinates. They form a 
subgroup R of the group of internal automorphisms of space- 
time (which we regard as a space of distant parallelism), 
manifesting in space-time not only isospin rotations,? but also 
the 3-parameter Pauli group. The equations of R are ¥.’ =yur, 
thao’ =tsor, etc., obtained by setting u=s=0. In analogy with 
the correspondence between ¥. and ¥=||p n|] for the nucleon, 
our corresponds to the 2X4 matrix uo=||r eysv*||, where 
vand v¢ denote the neutrino 4-spinor and its charge conjugate. 
Hence, if r is of unit norm (i.e., a4 +5=1), R induces in the 
neutrino the Pauli transformation v’ =av+ebysr*, = — bv 
+éysv*, while simultaneously inducing in the nucleon the 
isospin rotation p’=ap-+bn, n’=—bp+dn. These two kinds 
of internal mixing are thus unified not only formally, but in a 
deeper spatiotemporal sense. 


ae te ettant at the end of Session J if the Chairman rules that time 
permits. 

1 E, J. Schremp, Phys. Rev. 85, 721 (1952). 

2E. J. Schremp, Phys. Rev. 99, 1603 (1955) 


|| 
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Second Announcement of the 1958 “Winter Meeting in the West”’ 
of the American Physical Society ‘ 


The Winter Meeting of the American Physical 
Society in the West is to be held at the University 
of California at Los Angeles on Monday, Tuesday, 
and Wednesday, December 29, 30, and 31, 1958. 
The Physics Department will be host to the meet- 
ings and the sessions will be held in the Chemistry- 
Geology Building on the U.C.L.A. campus. 

There will be sessions of invited papers on theo- 
retical physics, nuclear physics, controlled fusion, 
geophysics, and physics of the solid state. There 
will also be a special one-day session in high-energy 
physics oriented primarily to the interests of re- 
search workers in this field. 


Since the period between the holidays is a very 
busy season for the hotels and motels, reservations 
should be made early, at least one month before the 
meeting. For available accommodations see the 
Bulletin of the American Physical Society [Series 
II, 3, 345 (August 26, 1958)]. Requests for reserva- 
tions should be sent directly to the hotel or motel. 

Visitors may wish to visit the Huntington gallery 
in San Marino, the Los Angeles County Museum 
in Exhibition Park, Marineland, Knott’s Berry 
Farm, Disneyland, and Catalina while in Southern 
California. 


Second Announcement of the 1959 Annual Meeting 


The 1959 Annual Meeting of the American 
Physical Society will be held in New York City, 
on Wednesday, Thursday, Friday, and Saturday, 
January 28, 29, 30, and 31. As usual, the American 
Association of Physics Teachers will hold concurrent 
sessions, and there will be a joint ceremonial session 
of the two societies comprising our Retiring Presi- 
dential Address, and the Richtmyer lecture and 
the Oersted prize presentation of AAPT. There will 
be a Business Meeting of our Society. Also as usual, 


the official hotel will be the New Yorker (New York 
1, New York). It is not too early to make your 
reservations: in writing to the hotel, mention that 
you are coming to a meeting of this Society. The 
scientific sessions will be held in or near the New 
Yorker. 

Deadline day is November 14, and abstracts are 
to be sent to Karl K. Darrow, Secretary, American 
Physical Society, Columbia University, New York 
27, New York. 


Preliminary Announcement of the 1959 Southwestern Meeting 


After a gap of one year, we resume the sequence 
of Southwestern meetings, and the host of this 
year’s member of the sequence will be the Uni- 
versity of Texas at Austin. The dates will be Friday 
and Saturday, March 6 and 7. Information as to 
hotels will be published in the Bulletin for the 
Annual Meeting. 


Deadline-day is Friday, January 9, and abstracts 
are to be sent to Karl K. Darrow, Secretary, 
American Physical Society, Columbia University, 
New York 27, N. Y. Please be careful to mark your 
abstracts for the Southwestern meeting, as deadline for 
the Cambridge meeting arrives only a week later. 
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MINUTES OF THE MEETING AT ITHACA, JUNE 19-21, 1958 


HESE Minutes of the 1958 ‘““Summer Meeting 
in the East’’ were concocted from a letter by 
R. L. Sproull (Chairman of the Local Committee, 
therefore the man most responsible for the success 
of the gathering) since neither the Secretary nor 
the Deputy Secretary was able to attend. 
_ The meeting was held at Cornell University, 
_which (although few physicists require to be told) 
is in Ithaca, New York. There were three hundred 
and seventy-five who registered, and there is 
evidence that about fifty more attended the ses- 
sions but somehow could not find the way to the 
registration desk. This is well up among the best 
figures of previous June meetings, and one record 
was set—the number of contributed papers, 
amounting to one hundred and eleven. The fact 
that it fell far below the figures for New York and 
Washington made the meeting all the more en- 
joyable. 

As is customary at the June meetings, our Divi- 
sion of Electron Physics played a predominant but 
not an exclusive role. It provided ten of the fourteen 
invited papers: the other four were comprised in a 
Symposium on meson-production, the speakers be- 
longing to the host University. A large though 
indeterminable number of the contributed papers 
was evoked by the efforts of the Division. 

An unusual feature of this meeting was the sub- 
stitution of a chicken barbecue for the traditional 
banquet. This was staged in the Taughannock 
Falls State Park, on Lake Cayuga some ten miles 
from Ithaca: the local people provided the trans- 
portation for those who did not have cars of their 
own. It was favored by perfect weather, and the 
afternoon sessions had ended early enough to give 
time for rambling in the park before the barbecue. 
Three hundred and ninety-two people came to it, 
an enormous percentage (better than 100%) of the 
registration. Another exceptional feature was an 
evening lecture by P. Debye, which was announced 
to the public and drew an audience of five hundred 
and thirty. Debye gave a very sprightly personal 
account of a number of important developments in 
physics. The ladies’ programme, for which we thank 
Mrs. Rhea Parratt, was a great success. 


Elected to Membership on June 21, 1958: Betty Ahola, 
*Richard G. Allas, *Raymond A. Alvarez, Jr., *David H. 
Anderson, *Alan Astbury, Harry A. Augenblick, Roger Bacon, 


*Satyaki Basu, *Paul Martin Baum, *Robert W. Berwin, 
*Albert W. Biggs, Roscoe L. Bloss, *Carl O. Bostrom, *Howard 
W. Broek, Gerald R. Broussard, *Konrad Brugger, *Stanley M. 
Bryla, *Paul Edward Cade, Irving B. Cadoff, Billy P. Camp, 
*Phil M. Campbell, Charles M. Cason III, *Karl J. Casper, 
*Ajf L. Cederquist, "Frank M. Chilton, Jr., *Allan B. Churgin, 
"Jack H. Colwell, Carolyn E. Cones, Gary H. Conners, 
*Richard E. Coovert, Thomas G. Corrigan, *Harry R. Crouch, 
Jr., Waldo Curtis, *Wilfred W. Daehnick, ‘Orin I. Dahl, 
*Jack Davis, *Dale J. DeGeeter, John A. Delaney, William W. 
Drake, Jr., John S. Eggenberger, ‘Thomas H. Eichelberger, 
Maxwell R. Eichenwald, Bent Elbek, Robert D. Elbourn, 
*Morton A. Eliason, Mohamed El Nadi, William Eng, 
*Robert S. Engelmore, *John R. Erskine, Charles A. Escoffery, 
*Lawrence E. Evans, Laurie J. Eveleth, James A. Fay, 
Gordon G. Fee, James L. Fergason, George A. Ferguson, Jr., 
*William R. Frazer, ‘Steven I. Freedman, *David Freifelder, 
Raoul M. Freyre, James R. Gaines, *William G. Garner, 
Malcolm R. Gavin, *Ira Gersteim, Louis A. Girifalco, *Jay A. 
Glasel, "George H. Goedecke, Raymond Gold, Alan S. Gold- 
berg, Charles D. Graham, Jr., George J. Grammens, *Michael 
I. Green, Hedley W. Greer, Alan R. Gruber, Louis P. Harrison, 
Richard A. Helmuth, Russell G. Herron, E. Wendell Hewson, 
*Dale E. Hill, *Lawrence D. Hochman, *Alexander A. J. 
Hoffman, Graham W. Hoffman, "William W. Halloway, 
*Harold J. Hope, Robert E. Howard, Eugene L. Hubbard, 
Richard L. Hudson, *Robert W. Huff, William Arthur Hughes, 
*G. Richard Huguenin, Willeminus J. Huiskamp, William R. 
Hurdlow, ‘William A. Janos, Lester A. Jeffries, Alvin W. 
Jenkins, Jr., James F. Johns, *C. Scott Johnson, *Cecil R. 
Jones, Yoshira Kainuma, Prabhakar P. Kane, *Michael A. 
Kemp, *Yongduk Kim, Sidney G. Kingsley, ‘Alvin R. Knud- 
son, John A. Laurmann, *Jacob M. Lebowitz, *Wonyong Lee, 
*Claude S. Leffel, Jr., ‘Daniel B. Levine, Arthur L. Licht, 
Shao-Chi Lin, Paul W. Lindsey, Jr., Vi-Cheng Liu, Hendricus 
G. Loos, James F. Lotspeich, *David Lurié, Guenther Mack, 
Benjamin A. Magurno, S. Singh Malik, Renato D. Malvano, 
*Stephen P. Maran, Stephen Martin, *Tibor W. Marton, 
Calvin C. Matle, ‘James E. Mazo, James C. McDade, 
Keith D. McDonaid, ‘James McKenna, James J. McNichol, 
Roy McWeeny, *Rosalind B. Mendell, *Sol Mendelson, 
‘Stuart L. Meyer, *Ralph F. Miles, Jr., *Peter B. Miller, 
Shigeo Minami, Earl N. Mitchell, "George K. Monroe, A. 
Dwight Moorhead, B. A. Mrowca, Chandru M. Mukhey, 
David T. Nelson, Masayuki Nagasaki, "George H. Nakano, 
Vernon L. Newhouse, *Peter D. Noerdlinger, *Larry Oppliger, 
Lawrence F. Page, Dave Pandres, Jr., Don R. Pardue, *Jack 
G. Parks, "George A. Paulikas, John Pearson, Homer B. 
Perkins, Jr., *Robert R. Perry, *Amos Picker, Edward A. 
Pinsley, Tomasz R. Piwkowski, ‘Edward D. Platner, William 
S. Porter, James O. Porteus, *Richard Prepost, "Luis M. 
Quinones-Rodriguez, Bernard Raab, Abdul Rahman Rana, 
*Albert R. Hughes, *Patrick N. Reagan, Morris E. Richard- 
son, Leo Rinderer, William K. Roberts, *Kenneth Rose, 
Charles A. Rosen, Paul Rosen, Nicholas Rott, *Marcel Schnee- 
berger, Raymond F. Sawyer, Philippe L. Schereschewsky, 
Willard H. Schmidt, Herman Schwartz, *Charles F. Schwerdt- 
feger, Robert N. Seitz, *Hajime Seki, *Robert L. Shutt, 
*William Silvey, "Stanislaus Skalski, *Leonard Skolnick, 
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*Lowell F. Smith, "Stanley Sobottka, Alan G. Stanley, 
Masahisa Sugiura, H. Kenneth Trost, Eiji Tatsumoto, 
*Martin L. Teiger, Paul Thiene, Richard N. Thomas, *Eric D. 
Thompson, Rudolf E. Thun, *Kazufusa Tokunaga, Alvin W. 
Trivelpiece, Z. A. Typaldos, Arend van Roggen, David A. 
Vermilyea, Pieter von Herrmann, Sigurd Waaben, John H. 
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Waddell III, *Martin Waine, Thomas R. Waite, "Wolfgang 
Walter, John H. Wasilik, Lawrence A. Weller, D. Hywel 
White, Donald L. White, G. Trevor Williams, S. Kirby Wilson, 
Helmut Winzeler, *Calvin D. Wood, Webster D. Wood, 
Walter C. Wyatt, *James A. Young, *Suck-Koo Yun, Thomas 


L. Zapf, "George Zimmerman. 


Errata Pertaining to Abstracts V5 and V10 of the 1958 Ithaca Bulletin 
(Series II, Vol. 3, No. 4) 


V5, by H. W. Etzel and D. A. Patterson. The title should 
read “Optical Properties of Alkali Halides Containing Hy- 
droxyl Ions.” 

V10, by L. R. Koller and H. D. Coghill. In lines 11-13, 
instead of “. . . may vary from total beam energy absorbed 


in the first layer to more than 99% of the beam energy ab- 
sorbed in the second layer,” read, “. . . may vary from 100% 
of the radiation from the first layer to more than 90% of the 
radiation from the second layer.” 


Errata Pertaining to Paper C2 of the Tenth Anniversary Meeting of the 
Division of Fluid Dynamics 
(Series II, Vol. 3, No. 4, p. 286) 


22, by E. A. Frieman. The name of the author should be E. A. Frieman instead of E. A. Friedman. 


: 


MEETINGS AND DEADLINES FOR THE SEASON 1958-1959 


Place Meeting dates Deadline date 
Chicago November 28-29 past 
Los Angeles* December 29-31 past 
New York January 28-31, 1959 November 14 
Austin, Texas March 6-7 January 9 
Cambridge, Massachusetts March 30, 31, April 1 January 16 
Washington, D. C. April 30, May 1-2 February 20 
Milwaukee, Wisconsin June 18-20 to be decided 
Hawaii August 27-29 to be decided 


* Abstracts for the Los Angeles meeting are to 
be sent to W. A. NIERENBERG, University of Cali- 
fornia, Berkeley 4, California, and must reach his 
office not later than the corresponding deadline date. 

Abstracts for the other meetings listed above are 
to be sent to Kart K. Darrow, American Physical 
Society, Columbia University, New York 27, New 
York, and must reach his office not later than the 
corresponding deadline date. Take note that ab- 
stracts mailed the day before deadline day often 
fail to arrive in time: the last postal delivery of the 
day usually comes to our office before 2 p.m. Allow 


at least two days for abstracts sent by airmail from 
points east of the Mississippi, and longer for those 
sent from farther west. Abstracts postmarked (at 
the point of dispatch) on deadline day are instantly 
rejected, and telegrams heralding their arrival are 
fruitless except in revenue to the telegraph com- 
pany. An abstract sent by anyone who is not a member 
of the American Physical Society is not accepted 
unless accompanied by the name of a member who is 
willing to sponsor it. (This is not required if the 
abstract has a member as co-author). 


RULES AND INSTRUCTIONS FOR THE PREPARATION OF ABSTRACTS 


The Council has ordered that abstracts shall be 
not longer than two hundred (200) words or the 
equivalent thereof. In reckoning equivalence, a 
footnote is equated to ten words; each line in a 
table to ten words; a ‘‘display’’ formula—one that 
requires a line to itself—is an expensive luxury 
equated to forty words. 

Two copies of each abstract must be sent to the 
appropriate office. They must be typewritten; one 
must be an original, the other may be an original or 
a carbon copy. Carbon copies will not be accepted in 
liew of originals: they smear. Abstracts must be 
double-spaced: single-spaced manuscripts are too 
crowded to permit the editorial markings to be made 
with ease and clearness. Each abstract must be con- 
fined to a single page: it it is too long for a single 
page it is too long to be printed. If we receive an 
abstract typed on two pages, we print only its first 
page. Write each abstract as a single paragraph: the 
suppression of paragraphs costs time and labor to 
the editors. Do not use very thin paper; a sheet of 
very thin paper may cause extraordinary trouble 
when mixed with sheets of reasonable thickness. 


The American Institute of Physics will bless you if 
you type first the title of your abstract in lower-case 
with capitalized initials, then your name in capitals, 
then the name of your institution in lower-case 
underlined. It is strange how few people do this 
simple and obvious thing! Issues of the Bulletin are 
always appreciably delayed because the editors have 
to do what the authors should have done. 

Remember the rule of the Council that, if an 
author submits more than one abstract, all but one 
must go onto the Supplementary Programme. In 
enforcing this rule, an abstract is credited to the 
author whose name appears first in the by-line. 

It has now become an expensive business to make 
any change in an abstract, even the smallest, after 
the abstract has gone to press. By order of our 
Council ‘‘A change in an abstract will be permitted 
only at the discretion of the Secretary or his deputy, 
and only if TEN DOLLARS is enclosed with the 
letter in which the change is requested.’’ As here- 
tofore, an abstract will not be withdrawn from 
proof unless the asker sends ten dollars with his 


request. 
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The American Physical Society 


OFFICERS OF THE SOCIETY FOR 1958 


President J. W. Beams University of Virginia 

Vice-President G. E. UHLENBECK University of Michigan 

Secretary K. K. Darrow Bell Telephone Laboratories (retired) 
(Office at Columbia University) 

Treasurer S. L. Quimpy Columbia University 

Managing Editor S. A. GoupsMIT Brookhaven National Laboratory 


Past Presidents now on Council: W. F. G. Swann, R. T. Birge, E. P. Wigner, and H. D. Smyth. 


Elected Members now on Council: F. Seitz, A. M. Weinberg, S. K. Allison, N. F. Ramsey, Walker Bleakney, 
W. K. H. Panofsky, W. A. Fowler, and Charles Kittel. 


Local Secretary for the Pacific Coast W. A. NIERENRERG University of California, Berkeley 
W. W. Havens, JR. Columbia University 


(To be mailed to Professor W. H. Zachariasen, Depart- 
ment of Physics, University of Chicago, Chicago 37, Illinois) 


EXPECT to attend the banquet of the American 
Physical Society on the evening of Friday, November 
28. My party will consist of 


(If you send a check for four dollars per person, made out 
to American Physical Society and it arrives by Novem- 
ber 26, you will be assured of tickets and they will be 
held for you at the registration desk). 


Please cut along this line 
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